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Title No. 56-4C 


Design of 
Prestressed Lift Slabs 
for Deflection Control 


By EDWARD K. RICE and FELIX KULKA 


Prestressed concrete lift slabs have been used successfully, 
not only as an economical method of construction, but also as a 
medium to obtain flat slab buildings that have no deflection or 
camber. 


The analysis of a flat slab can be extremely complex. The 
“beam method” has been developed as an approximate but ap- 
plicable method of design. By this analysis, slabs may be de- 
signed for proper behavior and strength without the use of the 
more complicated plate theory. 


@ Lirt-sLaB CONSTRUCTION was developed to save costs of forming and 
shoring (Fig. 1 and 2). Prestressing of flat slabs enables the slabs to carry 
heavier loads with shallower depths and fewer cracks. Neither the lift- 
slab method of construction nor the prestressed concrete slab is entirely 
satisfactory in itself: conventionally reinforced lift slabs show excellent 
economy, but in spans over 18 or 20 ft, in the absence of column capitals 
and drop panels, the slabs often unduly crack and deflect. On the other 
hand, cast-in-place prestressed slabs are crack-free and show excellent 
deflection control, but shortening and movement due to prestressing in- 
troduces complications in the details of the supports. When the two con- 
cepts of lift-slab and prestressed concrete are joined, however, their 
good qualities complement each other and their obvious faults cancel 
out. 


BASIS OF DESIGN 


In structural analysis and design it is always helpful to have a code at 
hand which gives convenient coefficients, so that the designer can use 
them in equations and come out with ready-made answers. When the 
analysis of the first prestressed lift slab was started, no conventional 
design procedure was available. By tracing reinforced concrete slab 
theory back to basic principles, using the laws of statics, it was found 
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Fig. 1—Slabs for six-story addition to 

the California Division of Highways 

Building, Los Angeles, shown stacked, 
during placing 


that a prestressed concrete slab could be safely analyzed by the elastic 


theory, the allowable stresses being adjusted on the basis of its ultimate 
strength. Thus, the beam method was developed following the same 
concept used in reinforced concrete design. This method assumes that 
the slab acts as beams which span between column lines first in one di- 
rection, then in the other. Generally, full load is assigned to these beams, 
which then must be analyzed as statically indeterminate structures. 

As far as the actual design of the prestressing is concerned, it, too, had 
to be tailored to a new condition. This is because the prestressing force 
in a continuous slab falls into an irregular pattern and its effective lo- 
cation is altered by linear transformation, which affects the results some 
10-50 percent, and hence must be carefully considered. 

These first assumptions, although based on observations and deduc- 
tions as well as preliminary field tests, have since been substantiated 
not only by results of experiments in the laboratory, but also by the 
record of actual construction. The first laboratory test was a square slab 
supported on four corners simulating a simply supported lift slab.' The 
experimental results of stresses and deflections agreed well with those 
computed on the basis of the classic elastic theory. The ultimate strength 
was closely predicted by the yield-line theory. The latest piece of re- 
search in this field,? conducted by the University of California and the 
California State Division of Architecture, actually deals with a contin- 
uous slab. Again, close agreement is found between experimental and 
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calculated values, particularly with respect to deflections and ultimate 
strength. 

In the way of field testing, several completed structures have been 
test-loaded in excess of design loading, and it is found that calculated 
deflections, based on the elastic theory, agree closely with those meas- 
ured in the field. Also, field observations have greatly aided in gaining 
proper insight into the general behavior of the slab.** 

A large measure of success has been achieved in controlling deflec- 
tions and limiting them to minimum values. It must be pointed out, 
however, that these observations are limited to solid slabs, and their 
conclusions may or may not apply to slabs of the waffle or joist type, 
which are much more sensitive to unusual loadings and stress distribu- 
tions. Furthermore, for spans of varying proportions and with irregular 
column spacings or hole locations, great care must be exercised. This 
does not mean that such slabs cannot be designed, except that their de- 
sign must be based on proper judgment and experience, rather than 
the blind adherence to empirical rules. 

With the research data now available and with the observation of some 
40 structures in California alone, rules can be established for the design 
of prestressed concrete lift slabs of the solid type and of regular patterns 
and proportions. No longer can they be designed for conventional loads 
and allowable stresses, as is usually done for reinforced concrete slabs. 
Analysis must be based on two criteria: strength, and proper behavior, 
which will be discussed separately. 


Fig. 2—Slabs for California 

Division of Highways Build- 

ing being lifted into posi- 
tion 
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DESIGN FOR STRENGTH 


In determining the strength of a structure, three fundamental theories 
are used: the laws of statics, the elastic theory, and the ultimate theory. 
Since the average stresses in a solid prestressed lift slabs are generally 
low, perhaps on the order of 350 psi, their calculation is not of prime 
significance, except when used empirically as a measure of strength and 
deflection. It is because of this that allowable tensile stresses cannot be 
fixed but must be adjusted to the layout and loading conditions. How- 
ever, by using suitable allowable stresses, sufficient strength can usually 
be obtained. 


DESIGN FOR PROPER BEHAVIOR 


Proper behavior means the limitation of cracks, the provision for 
creep and shrinkage and, above all, the absence of excessive camber, 
deflections, cracks, and vibrations. 

The deflections in a prestressed slab are predicted by the elastic the- 
ory. However, the mathematics involved in the elastic theory for slabs 
is quite complicated, especially when prestressing is included. It is pos- 
sible to simplify the problem by taking other approaches, but it has been 


found that accurate optimum solutions may be obtained with the help 
of electronic computers. 


Also, to achieve proper behavior, one must work with the concept of 
actual live loads. It is possible in a prestressed lift slab to reach prac- 
tically zero deflection for a given loading condition; however, zero de- 
flection cannot be achieved for all loading conditions, nor for even one 
real loading condition if assumed loads and stresses are incompatible. 
If slabs are to behave properly, there must be no unrealistic live loads, 
impossible loading conditions, and empirically fixed allowable stresses. 


APPLICATION IN BUILDING DESIGN 


To illustrate, consider the case of an office floor. It is quite possible 
that for over 90 percent of its life, it will experience a superimposed 
load of only about 10 psf. This is the real load the slab should carry 
with zero deflection. The full superimposed load, of 50 psf, as determined 
by code requirements, must also be considered, and the slab must be 
designed to provide ample factor of safety for possible overload. But to 
design the slab to be flat under the full 50 psf of superimposed load, so 
much prestress will have to be added that the slab will camber up ex- 
cessively under normal loading conditions. This camber would grow 
with time, as creep takes place in the concrete. Thus, a totally unsatis- 
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factory structure would result from such a design, while its capacity 
to carry overload is unnecessarily high. 

Certainly a more rational way to design such a floor is to assume a 
reasonable live load of 10 psf, and use this load for the zero or near-zero 
deflection condition. To carry the full live load, the slab must have 
sufficient stiffness and sufficient ultimate strength to yield a proper 
factor of safety. To make both loadings compatible with proper behavior 
of the slab, it is often necessary to allow a certain amount of tensile 
stress under the full design load. 

The amount of tension must be varied with many factors, keeping in 
mind that tension is always allowed in reinforced concrete. It is not 
suggested that undue liberty be taken with design criteria, but the im- 
portance of a rational approach as an important step to successful de- 
flection control cannot be overemphasized. 

Architecturally speaking, a flat slab is always desirable. Wavy canti- 
levers are an eyesore; deflected slabs making fitting of partitions, win- 
dows, etc., difficult and expensive; in the case of a deflected roof slab, 
drainage problems may arise. 

Structurally speaking, the importance of a flat slab lies in its ability 
to withstand creep. A slab which cambers up under its own dead load 
signifies that its bottom fibers are under greater compression than its 
top fibers. The bottom fibers will shorten due to creep and the upward 
deflections will perhaps double or triple in time. If, on the other hand, 
the deflection is zero, it is then not affected by creep since there will 
be only axial shortening. Thus, practical field considerations such as 
small differences in mix proportions, effects of placing and vibration, 
variations in the values of the moduli of elasticity, small errors in the 
magnitude of the prestressing force, become much less significant as 
far as the behavior of the slab is concerned. 

A further item of significance is the fact that a slab which is under 
axial stress has great strength to resist stress reversals. This is an im- 
portant item, as it means that the slab has the ability to withstand vibra- 
tions, stresses due to unbalanced loading, earthquake forces, settlement, 
etc. 


DESIGN EXAMPLE 


For a design example, consider the slab shown in Fig. 3. It represents 
an apartment building floor. 

The first problem, of course, is that of layout. Rarely is the design 
engineer the one who determines the dimensions of the building, yet 
the only way to achieve an economical structure is to make its arrange- 
ment entirely compatible with the type of construction chosen. However, 
a prestressed lift slab, by virtue of its high strength, gives greater flexi- 
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Fig. 3—Slab layout 


bility of layout than other types of construction. It is important to select 
span and cantilever dimensions in their proper proportions, locate open- 
ings where they will not require costly framing, and choose the optimum 
slab thickness. 

In the slab under consideration, spans are chosen to be 24 ft, with 7 
ft cantilevers. These span dimensions fit the average apartment building 
well, but they may have to be varied depending on architectural require- 
ments. Spans up to 30 ft are entirely feasible for solid flat slabs; longer 
spans may require waffle slabs or other structural configurations. 

Cantilevers are desirable, even though not absolutely essential. They 
help to reduce moments in the adjacent spans and make for greater shear 
resistance around the column. 

The slab thickness in this building is 7 in., which gives a depth to span 
ratio of 1 /41. This is acceptable for solid slabs, but too high for waffle 
type slabs. Also, in roof slabs, where vibrations are relatively inconse- 
quential, the span to depth ratio can be higher than in floor slabs, where 
rigidity of slabs is quite essential. 


Materials 


The concrete strength used for prestressed lift slabs is usually 4000 
psi at 28 days and 3500 psi at transfer of prestress. Generally this strength 
is not required for the low stresses under design loading, but the higher 

trength concrete does give better creep-resisting qualities, has a greater 
modulus of rupture and can withstand higher bearing pressures under 
bearing plates. 


The ultimate steel strength should be 240,000 psi minimum, and elonga- 
tions should be 3 percent in a 10-in. sample. The type of tendon used 
will vary, but the size of the tendons should be small enough to permit 
curvature to the desired cable profile. 
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Mild steel used is the ordinary ASTM A 305 used in conventionally 
reinforced concrete. 


Loading 


As was mentioned before, the loading used for design must be chosen 
logically. In the case under consideration, an apartment building, many 
codes call for a live load of 40 psf; 10 psf of miscellaneous loading is 
usually added. This floor will be loaded with a superimposed load of 
10 psf most of the time, and full live load, while possible, will be the 
exception rather than the rule. Therefore, the floor will be designed for 
the following conditions: 


1. Girder load (7 in. slab) + 10 psf = 87.5 + 10.0 = 97.5 psf. Slab with no 
deflection under this loading. (Note: Under certain conditions a small de- 
flection may be permissible.) 


2. Full dead load and live load = 87.5 + 40.0 + 10.0 = 137.5 psf. This 
loading with some deflections and permissible tension. 


If partition and ceiling loads are required, they, too, must be considered 
in the design. This applies equally to special conditions, such as concen- 
trated loads due to stairways, heavy equipment loading, etc. 


Analysis 


In the beam method, which is most convenient and accurate enough 
for a case such as this, the slab is considered acting as a continuous beam 
with full load carried in each of two directions. The stresses which this 
analysis yields are not real, but with proper adjustment of allowable 
stresses, the design can be made entirely conservative. Maximum com- 
pressive stresses hardly ever enter the picture, since the average com- 
pression in the slab is almost always under 500 psi. An important aspect 
is the allowable tensile stress, which may be permitted under full dead 
load and live load. There is no danger in permitting a tensile stress to 
exist in a prestressed structure, but its accepted magnitude should be 
adjusted according to a number of factors, including the cross-sectional 
shape of the slab. Tensile stresses of 0.04 f,’ or higher are accepted for 
solid slabs, for ribbed slabs this should generally not exceed 0.02 f,’. 
Higher tension may be permitted in concrete at transfer. 














Fig. 4— Moments in trans- 

verse direction (per foot of 

slab width). Note: All mo- 
ments in kip-feet 
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Stress in steel at anchorage is usually on the order of 150,000 psi, even 
though the steel may be tensioned as high as 0.80 f,’ for short periods 
to overcome stressing friction. The effective stress in the steel is com- 
puted by deducting the losses due to elastic shortening, creep, and shrink- 
age from the steel stress at anchorage. These losses, not including fric- 
tion, are generally lower than in prestressed beams and may be set at 
10-15 percent, depending on the average stress in the slab. 


Cable profiles 


The actual selection of the cable profiles and prestressing forces is 
largely a matter of trial and error. Specifically, a cable profile must be 
chosen, from which stresses and deflections are computed. The results 


FE = 24.5 kips per foot (average) 


(F; = 27.9 kips per foot (average) 
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Fig. 5—Cable profile and C line in transverse direction 
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Fig. 6—Moments in longitudinal direction (per foot of slab width). Note: All 
moments in kip-feet 


can be best shown graphically by the plotting of the C line,® which is 
the line of the resultant compressive force in the concrete section. It 
follows that when the C line for any given loading coincides with the 
neutral axis of the concrete section, the section is under axial compres- 
sion, hence has no deflection. If the C line stays within the kern points 
of the section, no tension exists under the particular loading. 

For the design in the transverse direction, moments are shown in Fig. 
4. These were obtained by considering a 1-ft strip of slab, analyzed as 
a continuous beam. No linear transformation of the cable profile is in- 
volved in this section, so that the trial and error procedure is rather 
simple. Resulting cable profiles along with C lines are shown in Fig. 5. 
(For simplicity the curve of the cable may be assumed to come to a point 
at the column lines, even though the actual cable profile will have a 
reverse curve. The error introduced will be on the order of 5 percent or 
less.) It will be noted that the C line for girder load falls close to the 
neutral axis, which means that shrinkage and creep will be largely axial. 
On that basis, then, the C line for actual dead load is plotted. Again, it 
follows the neutral axis. C lines for dead load and live load show some 
deflection, but they fall within the kern points, denoting absence of 
tension under maximum loading. 

The design process is repeated for the longitudinal direction. This 
time linear transformation must be considered.» Moments are shown in 
Fig. 6, actual and transformed cable locations as well as C lines in Fig. 
7. Tension is found at column lines D and E, amounting to 120 psi, which 
under full dead load and live load ‘s 0.30 f, and is considered satisfactory. 
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Ultimate strength 


In a continuous structure, the ultimate strength is a difficult thing to 
check, since the theory of limit design has to be applied. But an approxi- 
mate solution may be obtained by taking an interior span and assuming 
the formation of yield hinges at the column center lines, then at midpoint 
(see Fig. 8). Since linear transformation may be neglected in the ulti- 
mate range, it is possible to ascertain the ultimate moment at any section 
from the actual cable profile. 

A force of 21 kips per ft is required for elastic behavior. It may be assumed 
that a greased cable will fail at 210,000 psi. Using a working stress of 135,000 psi 
and for an ultimate stress 90 percent of 210,000 psi 


. 210 « 0.90 
Pats = 21.0 X 135 = 29.4 kips per ft 


By Whitney’s theory’ at the column center line (Fig. 9) 


29,400 


k’d = 9.85 x 4000 x 12 — 9-72 10. 


a. ee 
a = 7.0 — 1.25 ——5— = 5.39 in. 


29.4 x 5.39 
Mus — 12 = 13.2 kip-ft 


























1.22 3. 05 
2 4.29 2.28 


Fig. 7—Cable profiles and C lines in longitudinal direction 
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Fig. 8 —Location of yield , Fe =21. Okips per foot 
hinges 








Yield Hinge 


Similarly for midspan 


4.89 in. 


29.4 « 4.89 


Mus 12 12.0 kip-ft 


The sum of the M,:; must equal wL’/8 hence 


13.2 oe w L’ w (24) 
3.2 + 12.0 = 8 8 
Wuit = 350 psf 


Dead load plus maximum live load is 137.5 psi; therefore, the load factor is 
350/137.5 = 2.55. This agrees well with the load factor of 2.4 required by the 
ACI-ASCE recommendations.‘ 

With these computations the cables may now be laid out in the slab. 
The total force per bay is distributed: 60 percent to column strip and 40 




















Fig. 9—Stress block for ulti- 
mate range 
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Fig. 10—Final arrangement 


percent to middle strip. This distribution is empirical, based on test data 
and field observations. The final forces and profiles are shown in Fig. 10. 


Other design features 


With the forces and profiles now known, (Fig. 10), the slab design 
may be finished by computing shears in the slab, designing collars, col- 
umns, connections, etc. The design of the collar is usually governed by 
punching shear calculations.’ It should be pointed out that an important 
feature is the connections to walls and columns which must take account 
of shrinkage, creep, and movement of slabs. 


Perhaps the most important aspect is the choice of slab thickness. Cer- 
tain rules of thumb have been used, such as depth to span ratio of 1/36 
or 1/45. These ratios may serve as a guide but must be used with ex- 
treme caution. A thin slab will vibrate and is difficult to make flat. How- 
ever, making a slab too thick will often require too much prestress, and 
may be too rigid to adapt itself to lifting operations. 


CONCLUSIONS 


1. It is important to have a slab which shows little or no deflection 
under its own dead load and the actual sustained live load. This is not 
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only for architectural reasons, but also to minimize the effects of creep, 
to provide greater strength, and to allow for construction tolerance. 

2. Deflections may be computed by the elastic theory. The load capa- 
city is determined by the ultimate theory. 

3. The beam method of analysis, whereby the slab is divided into a 
series of beams, running on a 90 deg grid, is convenient. While not exact, 
it is often sufficiently accurate when used with the proper judgment. 
More exact optimum solutions can be obtained with electronic computers. 

4. Design loading and allowable stresses must be varied from job to 
job. Basic understanding of the structural behavior of slabs, as well as 
seasoned experience, must be used to guide the choice of these values. 

5. Care must be exercised in the design of waffle and joist slabs, as 
well as of slabs of unusual layouts and proportions. 
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Title No. 56-41 


Behavior and Strength in 
Shear of Beams and Frames 
Without Web Reinforcement 


By ROGER DIAZ DE COSSIO and CHESTER P. SIESS 


Forty-nine simply supported beams and 24 frame members 
were tested under several different types of loading. These in- 
cluded: two-point loads, midspan concentrated loads, uniform 
load, and axial load. The frame members and 18 simple sup- 
ported beams were tested under uniform load. Ten of the beams 
under midspan concentrated loads were tested with an axial load 
of 20 kips. Special emphasis was placed on the effects of axial 
and uniform loads on shear strength and behavior of the mem- 
bers. Other variables were concrete strength, steel percentage, 
and span length. 

The test results are given, discussed, and correlated. The use 
of the inclined tension cracking load as a measure of the useful 
shear strength of the members is advocated, and a procedure 
is given for its determination. 


M@ THE RESULTS OF TESTS on 49 simply supported beams and 24 frame 
members are described, discussed and correlated. The main object of 
these tests was to study the behavior and strength in shear of reinforced 
concrete members. The ultimate objective of the test program was to ob- 
tain information that would permit the development of more rational 
design criteria for reinforced concrete box culverts under deep fills. Ow- 
ing to the characteristics of reinforced concrete box culverts, the greater 
emphasis was placed on members under axial and uniform loads, and 
without web reinforcement. However, three of the frame members had 
web reinforcement in the form of bent bars. 

The major variables studied included type of loading, concrete strength, 
steel percentage, ratio of span length to effective depth, ratio of shear 
span to effective depth, and ratio of axial load to vertical load. The 
simply supported beams were tested under two-point loads; under one 
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midspan concentrated load applied through an integrally cast column 
stub, with and without axial load; and under uniform load. The frame 
members were tested under uniform load. The uniform load was simu- 
lated in all cases by ten closely spaced loads applied by hydraulic jacks. 


DEFINITIONS AND NOTATIONS 


Inclined tension crack is a diagonal crack that results from a combination of 
bending and shearing stresses; it may be the source of an eventual shear failure. 

Fully developed inclined tension crack is an inclined crack that causes a sudden 
redistribution of steel strains or complete collapse of the member. 


Cracking load is the load at the formation of the first fully developed inclined 
crack. 


Diagonal tension failure is a failure occurring simultaneously with the sudden 
appearance of the first fully developed inclined tension crack, or at the cracking 
load. 


Shear-compression failure is a mode of failure in which the specimen is able 
to carry additional load after the formation of the first fully developed inclined 
tension crack. 


Flexural tension failure occurs initially due to yielding of the tensile reinforce- 
ment in the regions of high moment, and final collapse occurs due to crushing of 


the concrete in the compression zone after considerable deformations have taken 
place. 


Critical section is a section that corresponds roughly to the point in a member 
where a fully developed inclined tension crack crosses middepth. 
The following notation has been used in this paper: 
shear span in a simply support- A. = area of negative steel in a frame 
ed beam, the distance between member 
the support and the nearest load = 4600 psi (Eq. 1) 
distance between column face 
. ; width of member 
section and the point where a 
45-deg bent bar crosses mid- C = internal compressive force in the 
depth in a frame member concrete at ultimate flexural 
A =2.14(Ib)**(in.)“ (Eq. 1) capacity 
A, = area of tensile steel, or of posi- = ratio of axial to vertical load in 
tive steel in a frame member a frame member 





- ratio 


SHEAR STRENGTH OF 


= effective depth of reinforcement 


1 + o.04( * 
+ 0. v). 


compressive strength of concrete 
as determined from 6 x 12-in. 
control cylinders 

modulus of rupture of concrete 
as determined from 6 x 6 x 18- 
in. control beams 

yield point stress of tensile or 
positive reinforcement 

yield point stress of negative re- 
inforcement 

total depth of member 

- ratio of area of concrete stress 
block to area of enclosing rec- 
tangle 

fraction of depth of compressive 
zone in concrete which deter- 
mines the position of the com- 
pressive force C in the concrete 
ratio of maximum 
stress in 
strength 


of depth of compressive 


compressive 
concrete to cylinder 


BEAMS AND FRAMES 


M; 


M. 
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ultimate flexural resisting mo- 
ment 

ultimate flexural resisting mo- 
ment when no axial load is pres- 
ent 


moment ratio; the ratio of maxi- 
mum positive moment to the to- 
tal moment between column face 
sections in a frame member 


axial load in a member; when 
followed by subscript x is to be 
considered at that particular lo- 
cation 


axial load at first inclined ten- 
sion cracking load 


- axial load at ultimate capacity 
= A./bd 


A,'/bd 


= pf,/f.’ 


= tension force in steel at yielding 


pbdf, 


= shear 


= shear at a particular location, at 


cracking load 


zone to effective depth — total vertical load 
= over-all length of frame mem- — total vertical cracking load 
ber 


= total vertical failure load 
clear span length of frame mem- 


ber W, = measured or computed flexural 


simply supported span length; failure load 


for frame members l’ = span 
between points of contraflex- 
LY Me 
- fraction of the effective depth 
that determines the position of 
the axial load 


( . ) , = ratio of axial load to shear ata 
particular location, at cracking 
load; at the point of contraflex- 
ure N/V = cL/2l’ 


ure = 


Vd 
) , = ratio of shear to moment mul- 
tiplied by the effective depth, at 
a particular location, at crack- 
ing load. 


- bending moment 
— bending moment at a particular 
location, at cracking load 


SIMPLY SUPPORTED BEAMS 


Test Program 


All beams had a 6 x 12-in. cross section, and were reinforced in tension only. 
The tests can be divided into three different series: (a) beams under two-point 
load; (b) beams loaded through an unreinforced column stub at midspan, with 
and without axial load; and (c) beams under uniform load. Most of the beams 
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TABLE 1—PROPERTIES OF BEAMS 


Span Yield point - Concrete a Modulus of 
length stress strength rupture 
U, in. f,, Ksit f.’. psit 








(a) Beams under two-point load 
b = 6 in., d = 9.94 in., h = 12 in. 
Reinforcement: 2-#9 bars; p 3.36 percent 

76 : 3050 
96 5 3120 
96 5320 
116 & 4060 
136 3740 
156 4050 
176 4440 


7 
** 


| EE RAEY 
| renmconsnor | 
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40 44.0 30508 
60 45.0 31208 
60 41.0 5230 
80 45.0 


(b) Stub beams 
b 6 in., d 10 in., h 12 in 
Reinforcement: 3-#4 bars; p 1.0 percent 


No axial load 


2) 
a 
ou 


4070 
4570 
2820 
3890 
4450 
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Axial load 20 kips 


3780 
4140 
3820 
4100 
4120 


92 
112 
132 


Ce OI 


ov 


B-1 
B-2 
B-3 
B-4 
B-5 


SSSR 


Reinforcement: 2-:°9 bars; p 3.33 percent 


No axial load 
52 a 
72 
92 
112 
132 


> 0 Oe ob 
do fo IONE 
Roouwu 


Axial load 20 kips 


52 
72 
92 
112 
132 


4250 
4110 
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(c) Beams under uniform load 
6 in., d 9.94 in., (1088. in. for Beam D-5), h 12 in 
Reinforcement: 3-#4 bars; p 1.01 percent 


3860 





Reinforcement: 2-26 bars; p = 1.35 percent 
66 mt eo 


Reinforcement: 3-46 bars; p 2.21 percent 
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TABLE 1 (Continued)—PROPERTIES OF BEAMS 


Shear Span | Yield point | Concrete | Modulus of 
span length | stress | strength | rupture 
a, in. l, in | J, ksit f.’, psit f,’, psit 











(c) Beams under uniform load 
b 6 in., d = 994 in. h = in. 
Reinforcement 3-#4 bars; p = 1.01 percent 


| 





1 

1 

1 

1 
110 
132 
154 


| OOOOOOOODD | 
SLUS SSS bore 
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*Beams had no clamp-on stirrups at the ends. 

+Average yield point stress of the bars used in the beam. , 

tAverage values obatined from control cylinders and beams cast and cured together with 
the corresponding beam, and tested the same day the beam test was performed. 

§Values obtained at the time of the original tests. 


had clamp-on external stirrups at the end of the spans to prevent splitting along 
the reinforcement. The properties of all the beams are listed in Table 1. 
Beams under two-point load—Seven beams, designated L-1 through L-6, were 
tested in this series. The two loads were symmetrically placed about midspan, 
always 36 in. apart. All beams had a tension reinforcement ratio of 3.36 percent, 
and an effective depth of 9.94 in. The main object of this series of tests was to 
study the effect of the moment-shear ratio on mode of failure; more specifically, 
the value of the moment-shear ratio for which the mode of failure changed from 
shear to flexure was investigated for one basic cross section. Since, for the case of 
a beam under one or two symmetrical concentrated loads, the ratio of moment to 
shear is equal to the distance between the support and the first load, that is, to 
the shear span, this distance was varied systematically from 20 to 70 in. Four of 
the beams that failed in shear at one end were again tested at the other end, using 
the same shear span as before, but under one concentrated load at midspan; thus 
one half of the beam consisted of what originally was a pure moment region, 
while the other half remained unchanged from the original arrangement. The 
two different setups can be seen in Fig. 1. The retests were designated L-1R 
through L-3R, corresponding to the original beams marked L-1 through L-3. 
Stub beams with and without axial load—The object of these tests was to in- 
vestigate the effect of axial load on behavior and strength in shear, for different 
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Fig. 1—Details of beams under two- 
point loads and retests 
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Fig. 2—Stub beams with 
and without axial load 
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values of the moment-shear ratio. Twenty beams were tested in pairs, one with- 
out axial load and one with an axial load of 20 kips, applied at middepth, which 
was kept constant throughout the tests. Two different steel ratios (1.0 and 3.33 
percent), and five span lengths (52 to 132 in.), or moment-shear ratios, were 
included in this series. The axial load was applied by means of a hydraulic jack 
bearing against one end of the beam and connected to the other end by four steel 
rods running along the sides. The vertical load was applied also by means of 
hydraulic jacks acting through a bearing plate on the column stub. The test ar- 
rangements with and without axial load are shown in Fig. 2. Beams under no 
axial load were marked A-1 through A-5 for p = 1.0 percent, and A-11 through 
A-15 for p = 3.33 percent. Beams under an axial load of 20 kips were marked B-1 
through B-5 for p = 1.0 percent, and B-11 through B-15 for p = 3.33 percent. 
Concrete strength was not a primary variable in this series. 

Beams under uniform load—These tests were designed to investigate the be- 
havior and strength in shear under uniform load of simply supported rectangular 
beams without web reinforcement. The major variables included in this series 
were: ratio of simply supported span length to depth (from 6.1 to 15.5); steel 
ratio (from 1.01 to 3.36 percent); and concrete strength (from 2800 to 6600 psi). 
A total of 18 beams, designated D-1 through D-18 were tested. The uniform load 
was simulated by ten equally spaced hydraulic jacks acting through 6 in. long 
bearing blocks at the top of the beam. The arrangement, shown in Fig. 3, sim- 
ulates closely a uniform load. To insure shear failures, high yield point steel was 
used for the beams with low steel ratios. 


Fabrication and curing 


All beams were cast in steel forms with adjustable end plates, in the same 
position as tested. For all beams on which mechanical strain readings were to be 
taken, gage lines were marked on one outside bar, and holes were punched and 
drilled. Corks of 13/8 in. diameter were wired to the bar over the gage holes, 
to provide access for strain measurements after casting. The steel was held in 
position at the bottom of the form by chairs of appropriate dimensions. Two or 
three pieces of 3/4-in. pipe were distributed along the beam as spacers. The con- 
crete was mixed from 2 to 8 min in a 6 cu ft capacity nontilting mixer. One or 
two batches of concrete were necessary for each beam. The concrete was placed 
in two horizontal layers along the beam. At least one 6 x 20-in. control beam 
and three 6 x 12-in. cylinders were made from each batch. All of the concrete 
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Fig. 3—Beams under uni- iat S71 
form load 
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was placed in the previously oiled forms with the aid of a high frequency in- 
ternal vibrator. For the stub beams, a steel attachment of 6 x 6 x 12-in. internal 
dimensions was placed at the top of the form, so that the stub could be integrally 
cast with the beam. Several hours after casting, the top surface of the beams 
was troweled smooth, and all cylinders were capped with neat cement paste. 
The beams and control cylinders were removed from the forms the day after 
casting and stored under moist conditions for 6 to 8 days. They were then stored 
in the laboratory until tested. 


Materials 


Concrete was made with standard brands of Type I portland cement, and Wa- 
bash River sand and gravel, all purchased in several lots from a local dealer. 
They all passed the usual specifications tests. The coarse aggregate had a maxi- 
mum size of about 1 in., and contained a relatively large percentage of fines, with 
a fineness modulus that varied for the different lots from 6.5 to 7.0. The fineness 
modulus of the sand varied from 2.7 to 3.2. Absorption in both aggregates was 
about 1 percent by weight of saturated surface dry aggregates. Since all mixes 
were based on results obtained in former investigations in the laboratory using 
the same type of aggregates, it was possible to obtain actual cylinder strengths 
in reasonably good agreement with the nominal strengths. Average values ob- 
tained from control cylinders and flexure specimens are shown in Table 1 for 
the corresponding beams. 


Deformed bars meeting the requirements of ASTM A305 were used in all 
beams. The bars were usually delivered in 22 ft lengths. One coupon 2 ft long 
was cut from each bar and tested in tension. Stress-strain curves were obtained 
in about one-third of the tension tests. Three different types of steel were used 
for the simply supported beams, all having a definitely flat yield point region. 
For beams with small steel percentages, high strength steel was used to insure 
shear failures. The special hard grade steel used in Beams D-16 and D-17 had 
an average yield point of 85,000 psi, an ultimate strength of 137,500 psi, and an 
average modulus of elasticity of 24,300,000 psi. For beams with larger steel ratios 
or shorter lengths, as shown in Table 1, the steel used had yield points ranging 
from 66,500 to 68,000 psi, with an average ultimate strength of about 121,000 psi, 
and a modulus of elasticity of about 27,400,000 psi. Finally, intermediate grade 
steel was used for all other beams, with yield point stresses ranging from 39,900 
to 57,200 psi, an average ultimate strength of about 75,300 psi, and an average 
modulus of elasticity of 29,600,000 psi. The bars used in each beam were matched 
as closely as possible on the basis of their yield point strengths. The value of the 
average yield point stress for the reinforcement in each of the beams is listed in 
Table 1. 
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Equipment and test procedure 


The beams under two-point load were tested in a 200,000 lb capacity screw-type 
testing machine. The machine was used both to apply deformation and to meas- 
ure load. The machine was calibrated prior to use in the investigation, and satis- 
fied the requirements of ASTM E 4-47T. The load was applied through steel balls 
seated on 6 x 6 x 2-in. steel bearing blocks, either set on the beam with plaster, 
or seated on leather pads 3/8 in. thick. The leather pads were necessary in some 
cases to provide space for SR-4 s‘rain gages attached to the top of the beam at 
the longitudinal center line. All the beams were supported through 6 x 6 x 2-in. 
bearing blocks attached with plaster to the bottom of the beam on a 2-in. half- 
round at one end, and a 2-in. roller at the other. 

Both the stub beams and the beams under uniform load were tested in a spe- 
cial steel testing frame with the loads applied by hydraulic jacks. The jacks 
were connected by high pressure hoses to a brass manifold which in turn was 
connected to a pressure gage and a hydraulic pump. The jacks-manifold-hydrau- 
lic pump arrangement was calibrated prior to use in the investigation by a test- 
ing machine, so that total load was read directly on the pressure gage. Ten 10-ton 
jacks were used for the tests of beams under uniform load, and four were used 
for the stub beams. Because of the nature of the hydraulic system, the load on 
each jack was the same at any one time, regardless of the ram extension, except 
for negligible differences due to friction. The jacks were held with their bases 
against the steel reaction beam, and the jack rams moved down against the beam 
during testing. The loads were transmitted to the bearing blocks through 1.5-in. 
diameter steel balls. The beam was separated from the bearing blocks by 3/8 in. 
thick leather pads. This arrangement facilitated the positioning of the jacks with 
respect to the beam. The support arrangements were the same as previously de- 
scribed for the beams under two-point load. The support bearing blocks rested on 
the laboratory floor through concrete abutments. 


In some of the beams under two-point load, measurements were made of the 
deformations at the top fiber of the beams by means of SR-4 electrical resistance 
strain gages. Deflections were measured in all beams at midspan with 0.001-in. 
dial indicators mounted on posts that were in turn attached to a deflection frame. 
In some of the beams, deflections were also measured beneath the load points. 


Steel deformations were measured mechanically in some of the beams under 
uniform load and stub beams. Strains were measured on one side only, over 
contiguous 6-in. gage lengths. In this way, continuous steel strain distributions 
at different load levels were obtained. Except for the very short beams, deflec- 
tions were measured at both midspan and the quarter points. 


For some of the beams under uniform load, to determine the horizontal strain 
distribution in a vertical section through an inclined crack, electrical strain gages 
were placed at that section. Since the exact position of the inclined crack could 
not be known in advance, the strain gages were applied after the inclined crack 
had appeared. To do this, the load was removed, the strain gages applied, allowed 
to dry for a day or so, and then the load at which the crack had formed was again 
reached in five or six quick increments. 


The loads were applied in increments until complete collapse occurred, or until 
the beams carried no more load under increasing deformation. The number of 
increments to failure varied from 8 to 22. After each increment of load was ap- 
plied, deflections and strain readings were taken, and cracks were observed 
through a low-power illuminating magnifying glass, and marked with ink. There 
was usually some drop off in load and some increase in deflection while readings 
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were being taken. These changes were recorded before the next load increment 
was applied. Photographs of the test beams were taken at important stages of 
loading, and after failure. 


TEST RESULTS 


Presentation of test data 


Results of the tests are summarized in Table 2, which includes loads 
and midspan deformations at the formation of the first fully developed 
inclined tension crack and at failure of the beams. The failure loads are 
the maximum that the beams were able to carry. Sometimes, due to the 
nature of the loading equipment, the load decreased slowly after the 
maximum; at other times the load dropped suddenly to a very low value. 
The steel strains at failure were extrapolated from plots of steel strain 
versus deflection and steel strain versus load. It is believed that these 
strains are accurate to within 10 to 20 percent, and they are intended 
only as a guide to the behavior of the beams. In a few cases, owing to 
the suddenness of the failure, it was not possible to record the deflec- 
tions. In all such cases, the deflections were also extrapolated from load- 
deflection curves. The last column of Table 2 lists the modes of failure 
of the beams tested. Whenever more than one symbol is used, it means 
that the failure occurred in both modes simultaneously, or almost simul- 
taneously. The load values include live load only, since the weight of 
the beam was never more than about 2 or 3 percent of the inclined crack- 
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Fig. 4—Typical load-deflection curves for beams 
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TABLE 2—TEST RESULTS 


Inclined tension cracking Failure 
Mode 
Total Midspan Midspan Total Midspan Midspan of 
load steel deflection, load deflection, failuret 
. ips strain < 16 in. W,,, kips strain* x 10 in. 


(a) Beams under two-point load 


0.264 52.2 0 598 
0.229 34 0 

0.234 

0.267 

0.544 

0.825 


Py 


Retests 


0.360 j 0 360 
6.085 3: 0 160 
0.090 0172 
0.125 f 0.195 
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(b) Stub beams 
No axial load 
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Axial load 20 kips 


0.066 5 
0 3C7 2s 
0.309 2 
0.380* 1 

- 1 
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B-1 
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B-3 
B-4 
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No axial load 


0.646 
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*Extrapolated values. 
tLoad-deflection curve indicated considerable yielding of the steel before failure 
+SC = shear-compression failure; DT diagonal tension failure; 

F = flexural tension failure. 
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ing load. Typical load-deflection curves, steel strain distributions, and 
sketches of crack patterns, are shown in Fig. 4-7. 


Behavior and modes of failure 


Before appearance of the first flexural cracks, all of the beams exhib- 
ited an essentially elastic behavior; the deformations were proportional 
to the applied loads and an initial straight portion was observed in the 
load-deflection curves (Fig. 4). After flexural cracks developed in the 
regions of high moment, the behavior of the beams under increasing 
load varied according to their respective modes of failure. Three major 
modes of failure have been defined for the beams in this investigation: 
flexural tension, shear-compression, and diagonal tension (symbols F, 
SC, and DT, respectively, in Table 2). 

In a flexural failure, bending stresses are predominant. In all the 
beams that failed in flexure, the initial vertical cracks developed con- 
siderably, and the failures were of a ductile character in that large de- 
formations took place before final collapse. The beams tested were all 
under-reinforced; that is, flexural failure was due initially to yielding 
of the tensile reinforcement, and final collapse occurred by crushing of 
the concrete in the compression zone at midspan. 


In the beams that failed in shear-compresssion, the flexural cracks 
developed up to a certain stage at which their progress was very slow, 
or stopped almost completely. At this stage, under further load, inclined 
cracks began to appear. Sometimes they were the continuation of exist- 
ing flexural cracks; at other times they appeared slowly at first and 
near middepth, at sections away from that of maximum moment, and 
subsequently joined the existing flexural cracks. Under further load, the 
inclined cracks progressed upward toward midspan, and downward to- 
ward the tensile steel, producing splitting at the level of the steel toward 
the support. Final collapse occurred due to crushing of the compression 
zone at the top of a major inclined crack. This type of failure was more 
brittle in character than a flexural tension failure, and the deformations 
were seldom as large. 


The behavior of the beams that failed in diagonal tension was identical 
to those that failed in shear-compression, except that the sudden appear- 
ance of an inclined crack caused complete collapse of the beams. This 
is also a sudden and brittle type of failure. 


Some of the beams failed in combinations of the three major modes 
previously defined. Two beams (L-5 and L-3R), failed in a combination 
of shear-compression and diagonal tension; that is, they were able to 
carry little load beyond that causing the first inclined cracks. Beam D-4 
was classed as a combination of shear-compression and flexure, because 
a definite inclined crack was formed before final collapse occurred by 
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crushing of the compression zone at midspan, after considerable deforma- 
tion had taken place. 

An inclined crack was considered to be fully developed when it pro- 
gressed toward both midspan and the support and intersected the tensile 
steel. The load at which this stage was reached was denoted as the crack- 
ing load. The presence of a fully developed inclined crack induces a re- 
distribution of steel stresses. The load-steel strain relationship is sudden- 
ly altered, since the inclined crack introduces additional deformations 
without a corresponding increase in load. In the beams tested, for loads 
smaller than the cracking load, the steel strain distribution had a shape 
similar to that of the moment diagram. However, when the cracking 
load was reached, the steel strain at the section of the inclined crack 
changed suddenly to a much higher value. This sudden change could not 
be observed in the beams that failed in diagonal tension, since by defi- 
nition, the beam collapsed at the cracking load. The phenomenon of 
redistribution of steel stresses caused by an inclined crack has previously 
been discussed by other investigators,’ and their observations agree with 
those of this paper. Typical steel strain distributions at load levels below, 
above, and at the cracking load are shown in Fig. 5. 


The shorter beams failed in shear-compression, and the longer ones 
in either diagonal tension or flexural tension. For the shorter beams, 
the development of the inclined cracks was slow, and even with the help 
of steel strain measurements, the cracking load was of necessity a vaguely 
defined quantity. Two different observers might easily arrive at values 
of the cracking load differing by 10 or even 15 percent. But, no matter 
how vague it might be in some cases, the value of the cracking load is 
perhaps the most significant quantity associated with the shear failure 
of a beam, since it represents a definite change in the behavior of a mem- 
ber without web reinforcement. For longer members that fail in diagonal 
tension, the cracking load is the collapse load, a sudden and well-defined 
phenomenon. Its value is then determined with a good degree of pre- 
cision. 

There was evidence for some of the beams under uniform load that 
failure in shear-compression occurred after considerable yielding of the 
steel had taken place, and for some beams the strain hardening portion 
of the steel was reached. However, at the cracking load no strain above 
the yield point strain was measured. 


In the retests of the beams under two-point load, the appearance of 
inclined cracks was sometimes difficult to detect, since they appeared 
over existing cracks that had already been marked in the original tests. 
However, the behavior was much the same as that described above. The 
inclined crack leading to the final collapse formed for some beams in the 
region that had been a pure moment region in the original tests, while 
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for others it formed in the shear span. Beam L-1R failed suddenly at an 
unusually high load, much greater than the computed flexural capacity, 
and it is possible that the shear and flexural strengths may have been 
increased by the restraints provided by the load and support bearing 


blocks, which for this case were relatively large compared to the span of 
only 40 in. 


Crack patterns 


In beams under two-point load, retests, and stub beams, the inclined 
crack formed always between the support and the load block or stub, 
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Fig. 5—Steel strain distributions for Beam B-13 
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and sometimes the inclined crack became horizontal before reaching the 
region in which the load was applied. For the beams under uniform load, 
the inclined crack intersected the tensile steel at a point about 0.11 of the 
span, on the average, from the center line of the support. The inclined 
portion of the crack intersected middepth always in the neighborhood 
of 0.15 of the span from the support, and before final collapse always be- 
came horizontal for a certain length in the compression zone. Some of 
the beams developed symmetrical inclined crack patterns about midspan 
before final collapse. In others, only one major inclined crack formed at 
one end. Three typical crack patterns are shown for the beams under uni- 
form load in Fig. 6, one for a flexural failure, one for Beam D-4 that 
failed in flexure after the formation of a major inclined crack, and one 
for a typical shear-compression failure. 
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Fig. 6—Crack patterns: Beams under uniform load 
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Fig. 7—Crack patterns: Beams with and without axial load 


The presence of the axial load in the stub beams affected the crack 
pattern as follows: flexural cracks started forming at a higher load, they 
were not as high, and there were fewer of them. Inclined cracks formed 
closer to midspan section in the beams with axial load, they were not as 
high, and their development was slower than in the corresponding beams 
with no axial load. This is illustrated by Fig. 7 which shows crack pat- 
terns for Beam A-3 with no axial load, and for its companion specimen 
B-3, tested under an axial load of 20 kips. 


Concrete strain distribution across inclined cracks 


The concrete strain distribution for an uncracked section can be as- 
sumed to be a straight line with a fair degree of accuracy, especially in 
the compression zone. However, the appearance of an inclined crack in 
the compression zone alters this condition. To investigate the distribution 
of strains and stresses in the neighborhood of an inclined crack, strains 
were measured in some of the beams under uniform load, at several lo- 
cations above and below an inclined crack. Since the exact location of 
the inclined crack could not be predicted in advance, strain gages were 
placed after the crack had appeared, and the measured strains obtained 
were, therefore, those at the section after the inclined crack had pro- 
gressed through it. 
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In all of the beams in which these measurements were made, it was 
found that the concrete below the inclined crack carried an appreciable 
amount of compression. The strain distribution appeared to be made up 
of two straight lines displaced with respect to each other, as illustrated 
in Fig. 8 which is typical of the results obtained. The solid line represents 
the strain distribution when the load causing the inclined crack to appear 
first was again reached, after the strain gages had been applied. The 
broken line represents the strain distribution at failure of the beam by 
crushing of the concrete above the crack. The strain distribution below 
the crack remained essentially unchanged from the cracking load until 
failure. The strains at failure were extrapolated from curves of concrete 
strain versus midspan deflection, and the strains above the inclined 
crack are probably smaller than the actual strains. 
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Fig. 8—Concrete strain distribution across an inclined crack 
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These measurements serve only the qualitative purpose of showing 
to what extent there were compressive strains below an inclined crack. 
It is not known, however, how these results are affected by the fact that 
the measurements were made above and below practically horizontal 
cracks, or by the fact that the load causing the crack to form was re- 
moved before applying the strain gages. 


FRAME MEMBERS UNDER UNIFORM LOAD 


Test program 


The final stage of the investigation consisted of the design and test of 24 frame 
members designated F-1 through F-24 in the order they were tested. Closely 
spaced stirrups were placed in the legs up to the bottom fiber of the horizontal 
member to prevent failures there. Only Frames F-9 through F-11 had web rein- 
forcement in the form of bent bars in the horizontal member. The properties, 
behavior, and test results for these three frames are discussed in the appendix. 

All frames were tested under a uniform load simulated by ten concentrated 
loads equally spaced along the span. Axial load was applied at the legs by an 
independently operated hydraulic jack. The ratio of axial to vertical load was 
kept constant throughout any one test. The general arrangement and details of 
the reinforcement are shown in Fig. 9. The test setup is shown in Fig. 10. 

The following major variables were studied in this series: ratio of axial to 
vertical load (0.17, 0.26, and 0.33); ratio of maximum positive moment to total 
moment between column face sections (from 0.2 to 0.8); clear span length (6, 8, 
and 10 ft); concrete strength (from 2500 to 5700 psi); and steel ratio (from 0.67 
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Fig. 9—Details of frames without web reinforcement 
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to 2.33 percent). All frame members had a 6 x 12-in. cross section with an ef- 
fective depth of either positive or negative steel of 10.0 in. The properties of the 
frames without web reinforcement are given in Table 3. The frames are grouped 
according to their clear span lengths and, within each span length, in ascending 
order of ratio of axial to vertical load. 

The first eight frames (F-1 through F-8) were designed to have ratios of axial 
to vertical load and ratios of moment to axial load similar to those encountered 
in typical reinforced concrete box culverts under deep fills, as designed by the 
Corps of Engineers. The statics of the frame members tested are such that for 
any given set of section dimensions, clear span length, vertical to horizontal load 
ratio, and for one ratio of moment to axial load at any section, there corresponds 
only one length of vertical member. After the first eight frames were manufac- 
tured and tested, all other test specimens were designed with the purpose of 
isolating or extending the range of the major variables. 


Materials, equipment, and testing procedure 


Most of the essential features of the frame tests were identical to those for the 
simply supported beams under uniform load, previously described. Only charac- 
teristics not identical to those of simple beams are described in this section. 

Reinforcing steel—-All reinforcement in the frame members consisted of de- 
formed, intermediate grade bars meeting the requirements of ASTM A 305, with 
yield point stresses ranging from 41,800 to 52,300 psi, an average maximum 
strength of 74,000 psi, and elongations at failure of 18 to 25 percent in a gage 
length of 8.0 in. 

Fabrication—All frames were cast in steel forms with adjustable end plates, 
with the legs extending upward. The negative steel was held in pasition by two 
or three chairs made from 1/4 in. mild steel bars. To hold the positive steel in 
position while casting, it was suspended by wires from transverse steel bars 
resting on the top of the steel form. The wires and transverse bars were removed 
from the forms as soon as casting was completed. Two to three batches of concrete 
were necessary for the frames. For the specimens with long vertical members, 
all of the third batch was usually placed in the legs, and in such cases the re- 
ported compressive strengths and moduli of rupture are the average of the two 
first batches, corresponding to the horizontal portion of the frame. All the con- 
crete was cured under wet burlap for 5 to 7 days. The frames were then removed 
from the forms and stored with their control specimens in the laboratory until 
tested 

Equipment—tThe legs of the frames rested on 6 x 12 x 1-in. bearing blocks 
seated with plaster on concrete abutments. The axial loading equipment was 
completely independent of the vertical loading system. It consisted of a hydraulic 
jack operating against one end of the frame. with the reaction to the jack supplied 
by tension rods operating against the other end (Fig. 10). To allow the ends of 
the legs to rotate, a 4 in. diameter half round rocker welded to a 6 x 12 x 1%-in 
plate was supplied at one end, and a 1%-in. diameter steel ball was placed be- 
tween depressions in two 6 x 12 x 1%-in. steel plates at the other end. To distrib- 
ute the load evenly, % in. thick leather pads were used between the bearing plates 
and the sides of the legs. 

Measurements—In addition to three dials to record deflections at the quarter 
points of the clear span of the horizontal member, two other dial indicators were 
placed at the ends of the legs to record the horizontal movements of the legs. 
Steel strains were measured in all the frames in both positive and negative rein- 
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Fig. 10—Test setup showing Frame F-24 after failure 


forcement in outside bars, usually at opposite sides of the specimen. The strains 
were measured over contiguous 6-in. gage lines along the horizontal member. 
The number of gage lines varied from 18 to 42, depending on the length of the 
specimen. Concrete strain readings were taken over 10-in. gage lengths, chiefly 
for the purpose of checking the symmetry of the loading, at both ends of Frames 
F-2 through F-24. The load was measured by calibrated pressure gages in the 
hydraulic loading systems. 

Testing procedure—Special care was taken when placing the specimens into 
the testing frame to insure that the axial load was actually applied in the mid- 
vertical plane, and that the vertical load was actually vertical. A small initial 
pressure was given to the jacks, and adjustments were then made. Axial and 
vertical loads were applied in increments by simultaneous operation of the two 
pumps to keep the ratio of axial to vertical load constant. Load was applied in 
8 to 20 increments up to final collapse, the increments being smaller in the last 
stages of the tests. For each increment, measurements were taken, and cracks 
were observed and marked with ink. Photographs were taken at critical stages 
in the test. 


TEST RESULTS 


Presentation of test data 


Test results for the frames without web reinforcement are given in 
Table 4. Total vertical loads and axial loads are given at both the inclined 
tension cracking load and at final collapse. Midspan deformations were 
obtained in much the same manner as those for the simply supported 
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Fig. 11 —Typical load-de- 
flection curves for frames 
without web reinforcement 


F-2, SC failure 


F-8, F,OT foilure 


Total Vertical Load (ips) 


Midspan Deflection (in.) 


beams. The last column of Table 4 lists the modes of failure. The load 
values include live load only, since the heaviest frame member weighed 
1.3 kips. Typical load-deflection curves, crack patterns, and steel strain 
distributions for positive and negative reinforcement are shown in Fig. 
11-15. 


Behavior and modes of failure 


Before the formation of flexural cracks, the behavior of the frame 
members was similar to that of simply supported beams under uniform 
load, allowing for the facts that both positive and negative flexural 
cracks form in the frame members and that negative cracking tends to 
be concentrated towards the re-entrant corner of the frames. The same 
three major modes of failure observed in the simply supported beams 
were evident in the frame members. 

Failure in flexure — Only one of the frames tested failed in this man- 
ner, F-23. Failure was accompanied by large deformations (Table 4), 
after yielding of the positive and negative reinforcement, with little or 
no inclined cracking. Flexural tension failure occurred in the negative 
moment region, with extensive crushing of the concrete at the corner 
(Fig. 12). 

Failures in diagonal tension — Five 10-ft frames and one 8-ft frame failed 
in this manner. All of these failures were sudden and complete, with 
no previous indication of inclined cracking. All the frames had under- 
gone relatively little deformations at the time of failure. 

Combinations of flexure and diagonal tension Frames F-7 and F-8 failed 
suddenly at the formation of the first fully developed inclined crack, but 
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after considerable yielding of both positive and negative reinforcement 
had taken place, and after crushing had begun at the inside corner and 
at midspan. Practically no additional load was carried beyond that caus- 
ing yielding of positive and negative reinforcement. 

Failures in shear-compression — All of the 6-ft frames and one 8-ft frame 
failed in shear-compression. Inclined tension cracking began one or two 
load increments after the flexural cracks stopped developing. The cracks 
were small at first, and occurred at either side of the point of contra- 
flexure near middepth. The pattern of inclined cracks was sometimes 
symmetrical about midspan; at other times an inclined tension crack 
formed first at one end, and later at the other end, or not at all. As load 
increased, the inclined tension cracks progressed toward midspan, pass- 
ing above existing flexural cracks. At this point it is desirable to note 
that, while in most of the simply supported beams under uniform load 
the inclined crack always formed from an existing flexural crack, the 
opposite was true for the frames and most of the inclined cracks formed 
at first independently of the existing flexural cracks. The inclined cracks 
also extended toward the column face by splitting along the bottom steel. 
The members collapsed before, after, or simultaneously with yielding 
of the reinforcement, and crushing of the concrete usually occurred both 
at the inside corner and at the top of the inclined crack. 

Borderline cases between shear-compression and diagonal tension — The mem- 
bers failing in this manner (F-17 and F-24) were able to carry little load 
beyond that causing the first inclined tension crack to form. In fact, it 
is believed that if the load had been allowed to remain on the member 


long enough, final collapse would have occurred without further increase 
in load. 


Crack patterns 


Typical crack patterns for the frame members are shown in Fig. 12. 
Marked in the sketches at one end only is the section at which the bend- 
ing moment at middepth was zero, the point of contraflexure. With re- 
gard to shear failures, two general types of crack patterns were observed 
in the frame tests. 


Failures in the negative moment region The failure crack extended from 
the inside corner at the column face towards midspan at an angle ranging 
from 40 to 60 deg with the horizontal. The heavier crushing was always 
observed in the compression zone at the column face section. Frames 
F-12, F-5, F-7, and F-8 fall in this category. For the two last frames men- 
tioned, heavy crushing occurred also at midspan, and the flexural cracks 
were quite high and wide at failure, since the shear capacity was reached 
at the same time as the flexural capacity. 





718 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE February 1960 


Failures in the positive moment region — All of the remaining frame mem- 


bers tested with no web reinforcement failed in this manner. The point at 
which the crack crossed middepth was always in the positive moment re- 
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Fig. 12—Crack patterns: Frames without web reinforcement 
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gion. The failure crack was inclined 40 to 60 deg to the horizontal until it 
crossed the positive steel, which it then followed to the inside corner 
at column face. The failure crack also progressed toward midspan, some- 
times becoming horizontal along the top steel. At other times the crack 
did not become horizontal along the top, and for these cases the crushing 
was heavier at the top of the inclined crack than at the corner. 

The only factor that seemed to determine whether the frames failed 
at the positive or at the negative moment was the ratio of maximum pos- 
itive moment at midspan to maximum negative moment at the column 
face. All of the frames that failed in the negative moment region had a 
maximum moment at the column face larger than the maximum positive 
moment at midspan. The ratio of maximum positive to negative moments 
can best be expressed as the ratio of positive moment at midspan to total 
moment between column faces, herein denoted as Mp, the moment ratio 
(for My, greater than 0.5, the moment at midspan is larger than the mo- 
ment at the column face). 

With reference to Fig. 13, it can be observed that Frames F-5 and F-6 
failed quite differently although they were almost identical (F-6 had 
the negative steel cut off at the one-third points of the clear span, while 
F-5 had the negative steel continuous). For Frame F-6 the inclined crack 
causing failure ended at midspan, with heavy crushing there, whereas 
F-5 failed typically at the negative moment region. The value of the 
moment ratio for these two frames was 0.49; that is, the maximum posi- 
tive and negative moments were almost equal. If the ratio of maximum 
positive to negative moment is the controlling factor for the location of 
the failure region, this apparent discrepancy can be explained, since a 
frame with a moment ratio of 0.50 would have equal chances of failing 
at the positive or negative moment regions. However, this conclusion 
must be taken with caution because the number of frames that failed at 
the negative moment region was relatively small. 


Steel strain distributions 


The redistribution of steel strain at the formation of a fully developed 
inclined crack, that is at the cracking load, was observed in the short- 
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span frames in a more marked fashion than in the simply-supported 
beams. At the critical section, the steel strain changed suddenly from 
compression to a large tension (Fig. 14). Fig. 15 shows the steel strain 
distribution for the negative steel of Frame F-19, typical of the results 
obtained for other frames. The negative steel for the frames failing in 
the positive moment region was not affected by the presence of an in- 
clined crack. For the frames that failed in the negative moment region, 
the sudden change in steel strain at the formation of the inclined crack 
was observed in the negative steel. 


STUDY OF RESULTS — SHEAR FAILURES 


Effects of variables 


Cracking load is defined in this paper as the load at the formation of 
a fully developed inclined crack. For short and deep beam members, in 
which the development of inclined cracks is slow, a crack was considered 
to be fully developed when it caused a marked change in steel strains. 
For medium long members, the formation of a fully developed inclined 
crack is a well defined phenomenon; the crack develops initially to a 


considerable length, easily detectable by visual observation. In this case, 
the value of the cracking load obtained visually agrees well with that 
obtained from steel strains. Finally, for long slender members, the form- 
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Fig. 14—Positive steel strain distributions for Frame F-19 
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ation of the first fully developed inclined crack causes complete collapse 
of the specimen, and, by definition, cracking and failure loads are identi- 
cal. 

From the above discussion, the effect of what could be called “slender- 
ness” of the member is most apparent, whether it be the ratio of span 
to depth, or the ratio of shear span to effective depth: all other condi- 
tions being the same, the shorter a beam member, the larger the ratio 
of the ultimate shear capacity to the cracking load. Also, the longer the 
member, the smaller the cracking load or the ultimate shear capacity 
(Tables 2 and 4). 


It was found that, all other conditions being the same and within the 
ranges studied, the capacity of the members at both cracking and final 
collapse is proportional to the square root of concrete strength, as meas- 
ured from 6 x 12-in. cylinders (comparing, for example, Beams D-9, D-10, 
and D-11, or Frames F-1, F-2, and F-15, in which concrete strength was 
the only variable). This variation, for the cracking load, is in agreement 
with experimental evidence obtained in other investigations.” 


A study of the test results in Table 3 and 4 reveals also that shear 
capacity is roughly a linear function of tensile steel percentage. Varia- 
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Fig. 15—Negative steel strain distributions for Frame F-19 
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tions in the negative steel percentage in the frames failing at the posi- 
tive moment region were found to have little influence on the strength 
of the members. 

The type of vertical loading has a profound influence on the shear car- 
rying capacity of a member. Members with almost identical properties 
failed under uniform load at loads much larger than under concentrated 
loads. For those beams in which comparisons could be made (e.g., D-1 
and A-14), allowing for differences in concrete strength and small differ- 
ences in span length, the ratio of the capacity under uniform load to the 
capacity under symmetrical concentrated loads was always in the neigh- 
borhood of 1.5. For a simply supported beam failing in flexure, the ratio 
is 2.0. This again suggests that shear strength is to a certain degree de- 
pendent on moment, or in other words, that there is an interaction be- 
tween moment and shear in a member which affects its shear capacity. 


The presence of axial load had a relatively small influence on the 
shear capacity of the members tested, and this influence was somewhat 
larger for the ultimate shear capacity than for the cracking load capacity. 
Comparing the simply supported beams tested with and without axial 
load, the effect of the axial load can be summarized as follows: 

For the beams with the longest spans, which failed in diagonal tension 


both with and without axial load, the cracking loads were not significantly 
different. 


For the beams with the shortest spans, which failed in shear compression 
both with and without axial load, both the cracking load and the failure 
load were increased appreciably. 


In the middle range of span lengths, a beam that failed in diagonal ten- 
sion without axial load, failed in shear-compression when axial load was 
present, and failed at a somewhat higher load. 


For frames there was a slight but consistent effect of axial load; this 
effect can be observed by comparing Frames F-18 and F-19 in which the 
ratio of axial to vertical load was the main variable, and making proper 
allowance for the difference in concrete strength. 

Size and shape of test specimen were not variables in this series of 
tests, although they probably have some influence on shear capacity 
and behavior. 


Cracking load capacity 


Most American investigators now seem to agree that the cracking load 
should be taken as a measure of the useful shear capacity of a reinforced 
concrete beam member. Several reasons justify this: 

(a) Many members, especially those having the longer spans, fail at the 
cracking load. 


(b) Although the shorter members are able to carry load beyond the 
formation of the first inclined tension crack, the degree of damage to the 
members, as judged by their appearance and the nature and width of the 
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cracks is considerable. Moreover, after fully developed inclined cracks 

have formed, the member behaves essentially as a tied arch rather than 

as a beam over a considerable portion of its span (see Fig. 5), and the con- 
ventional concepts of flexural action are no longer applicable. This is es- 
pecially important when the members are part of an indeterminate frame. 

(c) The use of ultimate, rather than cracking load, as a criterion would 
require the use of different expressions for predicting the shear strength 
of members failing in shear compression and in diagonal tension. In view 
of the uncertainties that still exist regarding the mechanism of shear failure, 
this refinement is unwarranted. 

The test results were therefore correlated in terms of the cracking load. 
Although several more or less empirical equations were found that could 
predict the cracking load capacity of the members tested in this investi- 
gation with good accuracy, nevertheless, it was considered desirable to 
correlate the test results by an equation of the general form suggested by 
Viest.* The form chosen has the advantage that it offers a unified ap- 
proach for members under both concentrated and uniform loads. The 
equation can be written as follows: 


, V i 
thick - f { 
in which bd = [ AY f-’ + Bp ( M ). Jp 


V.= shear at a particular location, lb 
= width of member, in. 
= effective depth of tensile reinforcement, in. 
- concrete strength, as determined from 6 x 12-in. cylinders, psi 
A./bd = tensile steel ratio 


Vd -— 
( M ) - ratio of shear to moment multiplied by the effective depth, com- 
: puted at the location where V. is computed, always positive 
A, B = dimensional constants 


D a function of the axial load in the member 


It must be noted that the expression proposed by Viest* did not con- 
tain a term for the axial load. He also expressed the equation in terms 
of the resistance of concrete to principal tensile stresses, subsequently 
made a function of the square root of concrete strength. From the test 
data reported in this paper, the following values for the quantities A, B, 
and D, in Eq. (1) were obtained: 


A = 2.14 lb’” in.” 
B = 4600 psi 


] N 
D = 14 0.04 ( 4 ) in which ( = ) is the ratio of axial load to shear 
‘ V Fg V z 
at the section where V. is computed 

Eq. (1) expresses the cracking shear V, as a function of the properties 
of the concrete and the cross section, and as a function of the ratio of 
shear to moment at a given location along the span. For simple spans 
under symmetrical concentrated loads, the applied shear is constant over 





724 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE February 1960 


the length of the shear span, whereas the cracking shear V, from Eq. (1) 
varies from a minimum at the load point to a maximum at the support. 
Thus, in this case the critical section would occur at the load point where 
V, is minimum. Viest*® has suggested, however, that the critical section 
not be taken closer than a distance d from the load point or from the 
support. In other cases,” it has been proposed that the critical section 
be taken at the middle of the shear span. In this investigation, the best 
correlation between the predictions of Eq. (1) and the results of the tests 
on simply supported beams with concentrated loads was obtained by 
taking the critical section at the middle of the shear span, which usually 
corresponded fairly well to the location of the inclined crack. However, 
the correlation would not be greatly affected by taking the critical sec- 
tion at a distance d from the support, since the variation of V, along the 
span is not great. 


For beams and frames under uniform loads, both the applied shear and 
the cracking shear V, from Eq. (1) vary along the span length. Conse- 
quently, the location of the critical section must be determined in each 
case either graphically by plotting V, along the span, or algebraically 
by equating the derivative of Eq. (1) with respect to x to the slope of 
the actual shear diagram to determine the point of tangency. For all the 
simply supported beams and for the frames failing in the positive mo- 
ment region (except F-6), this procedure was used successfully to predict 
the cracking loads and also gave a reasonably good indication of the lo- 
cation of the inclined crack. However, for these tests, it was found that 
substantially the same degree of accuracy could be obtained by taking 
the critical section at a distance of 0.15 /’ toward midspan from the point 
of zero moment. In general this location corresponded to the average 


position of the point where the inclined crack crossed middepth of the 
member. 


The application of Eq. (1) to the negative moment region of the frames 
requires the placing of some limit on the distance of the critical section 
from the face of the support, since V, from Eq. (1) varies from a mini- 
mum at the column face to infinity at the point of contraflexure. After 
some study of the limited data available from these tests, it was decided 
to take the critical section at a distance d from the face of the column. 
On this basis, Eq. (1) was found capable of predicting the location of 
the inclined crack in the negative moment region correctly for Frames 
F-7, F-8, and F-12. For Frames F-5 and F-6 this procedure indicated an 
almost equal likelihood of the crack being in the positive or in the nega- 
tive moment region, which is consistent with the observed location of 
the inclined crack in the positive moment region for Frame F-6 and in 
the negative moment region for Frame F-5. 
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The cracking load was predicted by Eq. (1) with satisfactory accuracy 
for the beams under concentrated loads, for the simply supported beams 
under uniform load, and for the frames failing in the positive moment 
region, as can be seen in Table 5 and Fig. 16. However Eq. (1) was found 
to give extremely conservative values of cracking load for the four 
frames (F-5, F-7, F-8, and F-12) failing in the negative moment region, 
and for Frame F-6 which failed in the positive moment region in a rather 


TABLE 5—COMPARISON OF MEASURED AND COMPUTED VALUES AT 
CRACKING LOAD 


At critical section Ratio At critical section Ratio 
V/bd, psi V/bd, psi 
measured measured 


Measured Computed computed Measured Computed computed 


Beams under two-point loads and retests* Stub beams* 


0.92 0.94 
0.98 \ ‘ 0.94 
0.94 x < 0.93 
0.94 < 0.87 
1.00 
1.02 ‘ 1.30 
2 ¢ 1.08 
Average 0.97 q 57 1.03 
g 0.93 
222 1 
257 1 
213 1 


6 

0.81 
0.94 
0.89 
1.04 
1.02 


1.07 
0.99 
0.98 
‘ 0.93 
177 0.88 


Ney 


09 


Average 1.06 


A 
A 
A 
A 
A 


Frames: M, 


leshevdoviesies) 


Average 0.98 
Standard deviation 0.101 


Pap Pa} Pn 
RS bes A 


cS) 


Beams under uniform load? 


fo} 


7 


183 
191 203 
181 ‘ 0 
191 ; et 


Pay xj Pa ny 


x 


172 
207 
193 07 


> 


Average 03 
Standard deviation 090 


Frames: M, < 0.57 


274 
190 
192 
199 
220 
Average 
Average 5 | Standard deviation 


*Critical section at a/2. 
+Critical section at point where shear line is tangent to resisting curve. 
tCritical section at a distance d from column face. 
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unusual manner. It should be noted that Frames F-5 and F-6 were almost 
identical but failed in markedly different manners as can be seen in 
Fig. 13. 

The five frames for which Eq. (1) gives cracking loads much lower 
than those actually obtained have one characteristic in common. In all 
cases the negative moment at the column face was greater than the posi- 
tive moment at midspan (Mz < 0.5), and in all but one of these frames 
the failure occurred in the negative moment region. This suggests a phe- 
nomenon of higher resistance to inclined cracking in the region of nega- 
tive moment or in a region close to a column, but no conclusion of this 
nature can be justified in view of the relatively few failures of this type 
that were obtained in these tests. 

In summary, the cracking load can be predicted by an equation in 
which the numerical constants and the locations of the critical sections 
for the different types of members were determined from the test re- 
sults reported in this paper. For members failing in the positive moment 
region (simply supported beams, and frames in which Mz, is larger than 
0.5), the results are much more reliable than for members failing in the 
negative moment region, since only five frames were designed with mo- 
ment ratios smaller than 0.5 
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Fig. 16—Cracking load capacity 
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Capacity beyond cracking load 


It was not found possible to develop reliable and general methods for 
predicting the capacity of the members beyond the cracking load, al- 
though, for isolated series of tests, the capacity beyond cracking could 
be expressed in terms of the known variables. For example, the ultimate 
strength in shear of the beams under uniform load could be predicted 
by an expression of the type developed by Laupa, et al.,‘ multiplied by 
a constant factor. However, no correlation was found when this expres- 
sion was applied to the frame members, or to the beams under axial load. 


Although some evidence exists regarding the influence of some of the 
variables on the capacity beyond the cracking load, this influence is not 
clearly shown in most of the tests because of the presence of other vari- 
ables. 

Two of the major variables, “slenderness” and axial load, were ob- 
served to have a definite effect on the capacity beyond cracking. To il- 
lustrate their effects in a qualitative manner, the ratio of ultimate to 
cracking load W,/W,., has been plotted in Fig. 17 versus the ratio of a/d 
for members under concentrated loads, and versus the ratio l’/d for 
members under uniform load failing in the positive moment region. 

Fairly definite transition zones between diagonal tension and shear- 
compression failures can be observed in Fig. 17. For members under 
symmetrical concentrated loads, the value of a/d that divides shear- 
compression failures from diagonal tension failures seems to be about 3.0. 
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Fig. 17—Capacity beyond cracking load 
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TABLE 6—MEASURED AND COMPUTED FLEXURAL CAPACITIES 


Values of M,/bd*f.’ Ratio 
Nd/M measured 
Measured Computed computed 


Beams 


0.281 
0.165 
0.183 
0.182 
0.194 


ooo 


o 
i  e D 
“1-100 =) 
Nau 


Frames 

0.152 1.¢ 
0.151 1.6 
0.129 1.1 


Average 1.11 


*Axial load constant 20 kips 


For members under uniform load, the transition between shear-compres- 
sion and diagonal tension failures appears to be at a value of I’/d 10 
for the frames, and at a value of /’/d = 12 or 13 for the simply supported 
beams. Part but not all of this difference in the transition zones for uni- 
formly loaded members can be attributed to the different conditions of 
support at the points of contraflexure in the frames, and at the supports 
in the simple span beams. 

It can also be observed in Fig. 17 that the beams or frames with rela- 
tively high axial loads (open or solid circles with a diagonal line) had 
the higher values of the ratio W,,/W. for a given series of tests, and for 
the same value of a/d or I’/d. 

In summary, both the presence of axial load and the slenderness had 
some influence on the capacity of a member beyond the cracking load, 
but this influence could not be determined quantitatively because of 
the presence of other variables and because of the lack of experimental 
evidence in which axial load and slenderness varied systematically over 
a sufficiently large range. 


STUDY OF RESULTS — FLEXURAL FAILURES 


Flexural capacity of beam members under axial load and bending 

A simplified procedure for computing the flexural capacity of under- 
reinforced beam members under axial load and bending is presented in 
this section. The term “beam” is used here to emphasize the fact that 
the members under consideration are subjected primarily to moment, 
as distinguished from columns in which axial load is predominant. 
Therefore, all of the usual assumptions regarding the flexural strength 
of beams can be applied. The steel is assumed to be at the yield point 
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Fig. 18—External and internal forces at ultimate flexural capacity 


stress, and to have an indefinitely long flat yield portion. In addition, 
the contribution of the compressive reinforcement to the flexural 
strength is neglected because it is rather small, and a margin of safety 
is provided by not taking this contribution into account. 

For the assumptions and simplifications outlined above, Fig. 18 repre- 
sents the conditions in a section at ultimate flexural capacity. It shows 
the applied ultimate flexural moment, M,; the axial load at middepth, NV; 
and the magnitude and location of the compression in the concrete, C, 
and the tension in the steel, 7. By consideration of forces and moments 
about the tensile steel, denoting q pf,/f., and after rearranging, the 
folowing equation can be written: 


M, M } 2a Munn ee 
bd = bape + (1-2 2a Kp) (Nod) — Rez (N/baf.)* (2) 


in which M, denotes the resisting moment of the section when no axial 
load is present 

M,. Ce 

ba =a(1- ne a) 

For any given section, the ratio of axial load to moment is known. Also 
known are the properties of the section and the value of 4. Therefore, by 
solving Eq. (2) for either M, or N, the load at ultimate flexural capacity 
can be obtained. The most advantageous way of solving Eq. (2) is by 
interaction diagrams, since analytical solutions are limited to particular 
cases and are time-consuming. ACI-ASCE Committee 327 recommends® 
a value k;/k,k, = 0.59 for beams under bending alone. Throughout this 
paper this value is taken as 0.6. 
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Comparison of measured and computed flexural capacities 


The ultimate flexural capacities for the members failing in flexure 
was computed using a value k2/k,k, — 0.6. For both beams under axial 
load and frames, 4 = 0.4. 

A comparison of measured and computed values in terms of the di- 
mensionless parameter M;/bd"f.’ is made in Table 6. The measured val- 
ues correspond to the reported ultimate loads, and were obtained at the 
sections of maximum moment where the failures occurred. It can be seen 
that all of the computed values are on the safe side, owing to the simpli- 
fying and safe assumptions made in deriving Eq. (2). The value k./k,k; 
= 0.6 is believed to be conservative. The average value of the ratio of 
measured to computed values is 1.11. 
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APPENDIX 


FRAMES WITH WEB REINFORCEMENT 


Introductory remarks 


To determine whether a small amount of web reinforcement, in the form of 
bent bars, would have an appreciable effect on the behavior and strength in shear 
of reinforced concrete frames, the specimens designated F-9 through F-11 were 
designed and tested. 

After studying several possible arrangements of bent bars and taking into 
consideration the limited width of the specimens, it was decided to provide a 
single bent bar at each end of the specimens, symmetrically placed about mid- 
span, and inclined at 45 deg. Frames F-9, F-10, and F-11 were similar to Frames 
F-6, F-2, and F-4, respectively, except for the presence of bent bars, small differ- 
ences in steel ratios, and unintentional differences in concrete strength. Compari- 
sons could be made in this way between frames with and without web reinforce- 
ment. In all three frames with web reinforcement, one #4 bar of the negative 
steel was bent down at 45 deg and carried through, symmetrically about midspan. 
The properties of the frames with web reinforcement are given in Table A-1. 
The distance a, is measured from the column face to the point where the inclined 
bar crossed middepth. This distance was so chosen that the inclined bar would 
cross middepth at about the location where the failure crack crossed middepth 
in the companion specimens without web reinforcement. Also listed in Table A-1 
for comparison are the properties of the companion frames without web rein- 
forcement. 

These frames were cast, cured, and tested in the same manner as their com- 
panion specimens without web reinforcement. The measurements taken were 
also the same. No attempt was made to measure the strain in the inclined bars. 


Test results, behavior, and modes of failure 


Test results, midspan deformations, and modes of failure for the frames with 
web reinforcement are given in Table A-2. For convenience the corresponding 
values for the companion frames without web reinforcement are also shown. Fig. 
A-1 shows the crack patterns for these three frames, and Fig. A-2 the load-de- 
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TABLE A-1—PROPERTIES OF FRAMES WITH WEB REINFORCEMENT AND OF 
COMPANION SPECIMENS WITHOUT WEB REINFORCEMENT 


For all frames b 6 in.; d 10 in.; h 12 in. 


Mark F-9 F-6** F-10 


Clear span length l, in. 72 72 72 
Ratio of axial to vertical load, c 0.33 0.33 0.17 
Effective leg length, h,, in. 17 17 

Moment ratio, M, 0.49 


Positive Reinforcement 
Bars S, 3-24 
Yield point stress,* f,, ksi 49.7 
Steel ratio, p, percent 1.00 


Negative reinforcement 
Bars S,? 3-24 
Yield point stress,* fs ksi 49.7 
Steel ratio, p, percent 1.00 


Web reinforcement 
Bent bar at 45 deg 1-24 


Yield point stress, ksi 49.7 

Distance a,, in.t 22 

Concrete strength, f.’, psif 5700 3400 

Modulus of rupture, f,’. psis 408 433 

*Average values for the bars used in each frame. 

+Bars were cut off at approximately one-third of the clear span. 

ta, = distance from column face to the point where the 45-deg bar intersected middepth. 

S$Average values obtained from control cylinders and beams cast and cured together with 
the corresponding frames and tested the same day the frame test was performed 

**Companion frames without web reinforcement. 


TABLE A-2—COMPARISON OF FRAMES WITH AND WITHOUT WEB 
REINFORCEMENT 


F-6+ 

Inclined tension cracking 
Vertical load, W,, kips 88.0 
Axial load, N,, kips . 27.4 
Midspan steel strain « 10° 130 
Midspan deflection, in. 0.134 


Failure 
Vertical load, W,, kips 110.0 
Axial load, N,, kips 45.5 34.9 
Midspan steel strain 10° 338 174 
Midspan deflection, in. 0.244 0.245 


Computed flexural failure 

Vertical load, W,, kips 142.5 121.2 
Ratio, W,/W, 1.00 1.25 
Ratio, Ww, Ww, 0.96 0.91 

Mode of failuret DT sc 

*Extrapolated values. 

+Companion frames without web reinforcement 

tSC = shear-compression failure; DT diagonal tension failure. 

$A small inclined crack formed across the bent bar at a load of about 88 kips. The load 
causing this crack was not called the cracking load because the inclined crack was not 
sufficiently developed. 
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flection curves. The broken lines in Fig. A-2 represent the load-deflection curves 
for the frames without web reinforcement. When a curve shows a drop in load, 
it corresponds to the cracking load. 

The behavior under load of frames with and without web reinforcement was 
similar up to a load corresponding approximately to the cracking load of the 
companion specimen without web reinforcement. From this load onward, two 
different types of behavior can be distinguished: 


(a) A small inclined crack started forming at about the same location 
as if no web reinforcement were present. However, the presence of an in- 
clined bar at that location prevented the crack from developing further. 
Additional inclined cracks then developed at sections away from the bent 
bar, closer to the column face, and final collapse occurred through one of 
these cracks at a higher load than that of the companion frame without web 
reinforcement. 


(b) An inclined crack formed at the same location as if no web reinforce- 
ment were present, as in (a). However, this crack continued to develop 
under additional load and was the eventual cause of failure which, never- 
theless, occurred at a load considerably higher than that of the companion 
sgecimen without web reinforcement. The concrete in the vicinity of the 
crack was heavily damaged. 

These two types of crack formation can be seen clearly in Fig. A-1. Frames 
F-9 and F-11 failed in the manner described in (a), while Frame F-10 failed as 
described in (b). 

Frame F-9 failed in diagonal tension after yielding of the reinforcement at 
midspan. The initial inclined crack crossing the bent bar was not judged to be 
fully developed, and there were no sudden changes in the steel strains. There- 
fore, to be consistent with previous definitions, the failure was classed as diagonal 
tension, even though it is realized that the classification of shear failures into 


Point of Contraflexure —_ Frame F-9 
a Failure in Diagonal Tension 
V7 


i 








Frame F-10 
Failure in Shear-Compression 
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Frame F-I! 
Failure in Shear-Compression 


Fig. A-1—Crack patterns: Frames with web reinforcement 
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shear-compression and diagonal tension has little meaning for members with 
web reinforcement. 

Frame F-10 failed in shear-compressicn after the formation of a fully de- 
veloped inclined crack that caused a redistribution of steel strains. Failure was 
simultaneous with first yielding of both the positive and negative reinforcement. 
Comparison with frames without web reinforcement 

Listed in Table A-2 are the measured loads and the computed flexural ca- 
pacities for the frames with web reinforcement and for their companion speci- 


mens. Also listed are the ratios of ultimate to cracking load, and of vaca 
shear capacity to computed flexural capacity. 
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Fig. A-2—Load-deflection curves for frames with web reinforcement and for 
their companion specimens 
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For all the frames with web reinforcement the initial inclined tension crack 
developed at about the same load as for their compainon specimens without web 
reinforcement. The small differences for Frames F-11 and F-4 can be attributed 
to differences in concrete strength and steel percentage. For Frame F-9 an in- 
itial crack formed, crossing the bent bar, but it was not developed enough to call 
the load causing it the cracking load. For frames F-10 and F-2 the cracking loads 
were identical. 

The frames with web reinforcement failed practically at their flexural capaci- 
ties (W./W; = 0.96, 1.01, and 1.00, respectively, for F-9, F-10, and F-11). These 
failures are classed as shear alone because no large deflections took place. The 
companion specimens failed at loads below their flexural capacities (W./W; = 
0.91, 0.66, and 0.87, respectively, for F-6, F-4, and F-2). Thus the presence of web 
reinforcement increased the capacities of the members, but these increases were 
not sufficient to prevent the shear failures from occurring. 

The influence of the web reinforcement on the load-deflection characteristics 
of the frames with web reinforcement was negligible up to a load corresponding 
approximately to the cracking load of the companion specimens with web rein- 
forcement (Fig. A-2). The differences can be attributed to differences in con- 
crete strength and steel percentage. However, above the cracking load, the load- 
deflection curves for the frames with web reinforcement are considerably steeper 
than those of their companion specimens. 

In summary, the presence of web reinforcement in the form of one symmetri- 
cally placed bent bar at roughly the critical section had a small effect on the 
shear strength and behavior of frames up to a load corresponding to the cracking 
load of the same frames without web reinforcement. The behavior after the 
cracking load was improved, but web reinforcement as used in these tests was 
not sufficient to prevent the occurrence of shear failures. 
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Title No. 56-42 


Artificial Carbonation of 
Concrete Masonry Units 


By HENRY T. TOENNIES 


Research to develop a process of artificial carbonation of concrete 
masonry units is described. A process of hastening carbonation (pre- 
shrinking) of masonry units would eliminate subsequent atmospheric 
carbonation and attendant shrinkage after the units were in a wall. 
Research was prompted by the feasibility of artificially carbonating 
concrete masonry units, using os a source of carbon dioxide the flue 
gases from combustion in steam boilers adjunct to steam curing. 

Flue gas carbonation effected reductions in early-age drying shrink- 
age of masonry units. Reductions varied with carbonation time, tem- 
perature, and precarbonation moisture condition of units. Greatest re- 
ductions accompanied treatment at elevated temperatures immediately 
after completion of steam curing. Early-age shrinkage benefits due to 
carbonation were reflected in total shrinkage with time during 10 
months of atmospheric exposure. 

The effect of carbonation on other measured physical properties 
of concrete masonry appeared minor. 


M4 CARBONATION IS THE CHEMICAL COMBINING of carbon dioxide and the 
hydration products of portland cement. It has been of interest to manu- 
facturers of concrete masonry since 1955 when Shideler' demonstrated 
that carbonation of masonry units is accompanied by their linear shrink- 
age. Concrete masonry units, predried to a relatively low moisture con- 
tent, continued to shrink with prolonged exposure to the atmosphere due 
to carbonation by the small volume (0.02 to 0.03 percent) of carbon di- 
oxide in the air. This slow carbonation by the carbon dioxide in the air 
and its attendant shrinkage may be a contributing factor to masonry 
wali cracking. Prior to 1955, expansion and contraction of masonry were 
attributed to temperature changes and to changes in unit moisture con- 
tent. Shideler’s findings added a new concept to the causes and possible 
correction of wall cracking. A process of hastening carbonation of ma- 
sonry units might be developed which would “preshrink” them, thus 
eliminating atmospheric carbonation and attendant shrinkage after the 
units were in a wall (Fig. 1). This paper describes a project to develop 
such a process of artificial carbonation. 


737 
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Fig. 1—Preshrinking mason- 
ry with artificial carbona- 
tion 
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Artificial carbonation requires exposure of fully cured concrete mason- 
ry units to a greater concentration of CO, than that found in normal 
atmosphere. Early investigators of the subject have reported that car- 
bonation cannot be induced by the addition of CO.-generating materials 
to the concrete mix,” and that carbonation should be preceded by curing 
of the concrete.* Carbonation of unhydrated cement paste resulted in 
concrete chalking and crumbling. 

A second requirement is that the concrete be receptive to artificial 
carbonation. Shideler found the moisture condition of the masonry units 
had an influence on their receptiveness. Units predried to a moisture 
condition in equilibrium with air at 50 percent relative humidity could 
be artificially carbonated, while those predried at 11 percent could not. 
This has been verified by the more recent work of Verbeck* who found 
that mortar specimens would carbonate less at 25 percent relative hu- 
midity than at 50 or 75 percent. Verbeck also reported little carbonation 
with specimens exposed to a relative humidity of 100 percent. This con- 
firmed the work of Leber and Blakey’ who found that artificial carbona- 
tion was retarded when the specimens were exposed to the carbon 
dioxide while in a wet condition. Thus it would appear that the optimum 
moisture condition for artificial carbonation is somewhere between the 
wet and the dry state. Receptiveness is further complicated by water 
which is produced during carbonation. A unit at optimum moisture con- 
dition at the beginning of carbonation will undergo an increase in mois- 
ture content as the reaction proceeds, and will reach a moisture condi- 
tion which will inhibit further carbonation unless some means are 
provided for removal of this newly formed water. Other factors such 
as cement type and method of curing have been suggested as influencing 
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receptiveness but as yet have not been investigated fully. In the program 
described here an attempt was made to minimize the effect of influenc- 
ing factors by using materials believed to be receptive to carbonation. 

The most obvious method of carbonating artificially would be to place 
masonry units in an air-tight room or container, evacuate the air from 
the container and replace it with pure or nearly pure carbon dioxide 
available from a commercial source. If the units were receptive, carbona- 
tion should proceed at an accelerated rate. The time required for complete 
carbonation would depend on receptiveness of the masonry units at the 
start of and during the exposure period. This method of treatment has 
received consideration and eventually could become a practical way to 
carbonate. However, it is fairly expensive. It requires approximately 1 
lb of CO, to completely carbonate an 8-in. hollow concrete masonry unit. 
The price of commercially available CO. ranges from $0.035 to $0.07 per 
lb. It is doubtful whether the benefits derived from artificial carbonation 
would warrant so great an expenditure per unit. 

A possible source of pure or nearly pure carbon dioxide is located at 
the concrete products plant. Most plants have steam boilers which pro- 
duce steam for curing. The waste flue gases from these boilers normally 
contain from 10 to 18 percent carbon dioxide. One pound of COz is pro- 
duced during the steam curing of 6 to 8 concrete masonry units. Supple- 
mentary equipment might be installed to recover and utilize this waste 
CO, for carbonation. Although the total amount recovered would not 
be sufficient to completely carbonate all of production, it could be used 
to completely carbonate a portion of total production or to partially car- 
bonate all of production. One concrete products plant is known to have 
installed this type of equipment. 

Another possibility is to expose cured masonry units to the flue gases 
themselves, without prior recovery of the carbon dioxide. This method 
would require a minimum of equipment. All that would be needed are 
fans, ducts to carry the flue gases, and auxiliary cooling equipment. This 
third possibility prompted the investigation described. The purpose of 
the investigation was to determine the feasibility of carbonating masonry 
units with the carbon dioxide gas contained in flue gases from the com- 
bustion of carbonaceous fuels. The investigation required construction 
of a pilot artificial carbonation chamber which produced flue gases con- 
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Fig. 2—Pilot artificial car- 
bonation chamber 


taining a normal concentration of carbon dioxide, the exposure of con- 
crete masonry to these flue gases and to pure COs, and the measurement 
of carbonation extent and effect on various types of masonry units. 


Apparatus 
Artificial carbonation with flue gas was accomplished in the specially con- 
structed apparatus shown in Fig. 2. It consists of a reasonably air-tight chamber 


large enough to hold 20 regular 8 x 8x 16-in. concrete masonry units. Flue gases 
are produced by a gas combustion burner shown at the far right of the chamber. 


This burner is equipped with a water spray which cools the flue gases to about 
100 F. The cooled gases are then piped into the system, entering at a point in 
the circulating air duct. An electrical heating element inside the duct permits 
reheating of the gases to any desired temperature. The gases then pass through 
a large blower and enter the carbonation chamber at the bottom right corner. 
Inside the chamber, the gases are distributed through a false bottom containing 
numerous Grilled holes. They then pass upward through the chamber, around 
and over the masonry test specimens which are supported on open racks with 
their cores vertical. Finally, the gases are returned through an air plenum lead- 
ing back to the circulating air duct. The top row of specimens were equipped 
with metal hangers so they could be weighed without opening the chamber door. 
Specimen temperature, carbonation temperature, and the air temperature inside 
the return air duct were measured by thermocouples connected to a remote read- 
ing instrument. Other equipment included a pressure manometer mounted on the 
cabinet exterior, a dew point measuring apparatus, and an apparatus for meas- 
uring the CO, concentration in the chamber. Temperatures, weights, cabinet pres- 
sure, relative humidity, and CO. concentration were logged hourly during each 
carbonation trial run. 

Carbonation with pure CO. was accomplished with the apparatus shown in 
Fig. 3. It consists of a steel autoclave equipped with a fan for maintaining air 
circulation and a desiccant for maintaining relative humidity. Carbon dioxide 
was piped into the autoclave from commercially available 50-lb cylinders at a 
rate of 5 to 10 lb per day. 


Test program 


The investigation was divided into three series of tests. Table 2 gives descriptive 
information on the three series, while Table 1 lists mix composition and curing 
information of the hollow-core 8 x 8 x 16-in. units which were purchased locally 
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for use as test specimens. Series I carbonation was with flue gas, Series II with 
pure carbon dioxide, and Series III was a combination of the two previous series, 
i.e., specimens were carbonated first with flue gas, tested, then further carbon- 
ated with pure carbon dioxide. 


Series I, an exploratory series, included seven flue gas carbonation runs on 
cinder aggregate specimens previously cured with steam at atmospheric pressure. 
Variables investigated were: (1) effect of sample age and moisture condition 
on extent of artificial carbonation, (2) effect of carbonation temperature, and 
(3) effect of carbonation time. Each run was for 9 hr, but representative samples 
were taken from the carbonation chamber after 3, 6, and 9 hr of exposure. Car- 
bonation Runs A, B, and C were made on freshly cured specimens having an 
initial moisture content of approximately 77 percent total H.O absorption. Tem- 
peratures for the three runs were respectively 100, 150, and 200 F. Runs E and F 
were on specimens previously dried to a moisture condition in equilibrium with 
air at 75 percent relative humidity and 73 F. Initial moisture content of these 
specimens was approximately 8 percent of total H.O absorption. Temperatures 
for Runs E and F were 100 and 150 F. Specimens for Runs G and H were predried 
also, but to a lower moisture condition in equilibrium with air at 50 percent 
relative humidity. Their initial moisture content was approximately 6 percent. 
Carbonation temperatures for Runs G and H were 100 and 200F. 

Following carbonation, Series I specimens were conditioned 10 days in air 
at 50 percent relative humidity then tested for compressive strength, unit weight, 
and linear shrinkage due to drying from saturation to an equilibrium condition 
in air at 50 percent relative humidity and 73 F. A chemical test was made on 
some of the specimens to determine their carbon dioxide content as shown in 


Table 3. Since the cinder aggregate contained a negligible amount of calcareous 
material, it was believed measured increase in CO. content would indicate extent 
of carbonation. All tests except drying shrinkage and CO. content were made 
in accordance with applicable ASTM standards using three specimen samples 
rather than five. The effects of carbonation were observed by comparing test 
results on carbonated specimens with those of noncarbonated control specimens. 


Fig. 3—Pure CO. carbona- 


tion apparatus 
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TABLE 1—MIX COMPOSITION AND CURING INFORMATION OF 8 x 8 x 16-IN. 
HOLLOW MASONRY UNITS 





Series I and II Ill 


Principal Steam boiler Expanded Expanded 
aggregate* cinders shale slag 
Mix: 

portland cement 

(Type I), lb 

Aggregate, Ib 
Proportions by weight 


Steam curing: 
maximum temperature, F 160 
Time, hr. 16 


Yield of block . 
per bag of cement 28 





*Aggregate consisted entirely of those shown except for expanded shale batch which con- 
tained 400 lb of limestone sand and 3606 lb of shale 


Series II consisted of three samples of cinder units carbonated with pure di- 
oxide instead of flue gases. The series provided information on complete car- 
bonation for comparison with the partial carbonation effected in Series I. The 
three trial Runs J, K, and M differed only in sample initial moisture condition. 
Run J specimens had a high moisture content and were carbonated and dried 
simultaneously. Run K specimens were predried in air at 75 percent relative 
humidity, and Run M specimens were predried at 50 percent. During carbonation 
with pure CO, the atmosphere was maintained at a relative humidity of 53 per- 
cent with a magnesium nitrate solution. 


Series III was an extension of exploratory Series I. Samples of two different 
aggregate types (expanded shale and expanded slag) were carbonated with flue 
gas. Optimum conditions for artificial carbonation were selected based on Series I 
tests except that exposure periods were arbitrarily increased to 9 and 18 hr. Run 
N specimens were hollow-core 8 x 8 x 16-in. expanded shale units previously 
cured with steam at atmospheric pressure. Specimens were carbonated at 150F 
immediately after steam curing. Run P specimens were of similar size and cure, 
but of expanded slag aggregate. They too were carbonated immediately after 
steam curing, but instead of maintaining a constant carbonation temperature 
the relative humidity inside the chamber was held between 35 and 55 percent. 
This required hourly changes in the carbonation temperature which varied from 
160 to 100 F during the 18-hr run. After physical and chemical tests, Series III 
specimens were exposed to pure carbon dioxide. Thus the procedure for Series 
III was a combination of that employed in Series I and Series II. 


Results and discussion 


The scope of this investigation permits evaluation of artificial carbon- 
ation in a number of ways. These include: 
1. Comparison of drying shrinkage of specimens (a) carbonated with 


flue gases, (b) carbonated with pure carbon dioxide, and (c) noncarbonated 
control specimens. 


2. Comparison of the long-time dimensional stability of carbonated and 
noncarbonated control specimens. 
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3. Comparison of other physical properties, such as, compressive strength, 
absorption, and unit weight of carbonated and control specimens. 

4. Observation of changes in specimen weight, length, and CO, content 
during carbonation with either pure carbon dioxide or flue gases. 
Comparing physical properties of carbonated and noncarbonated con- 

trol specimens bears directly on the program objective which was to 
learn if concrete masonry units can be benefited by carbonation with 
flue gases. Observing specimen physical and chemical changes during 
carbonation is of interest because of the present limited published in- 
formation on the subject. Some changes observed during carbonation 


TABLE 2—SAMPLE IDENTIFICATION AND TRIAL RUN SCHEDULE 


Carbonation conditions 


Run Aggre- 


gate 


Precarbonation 


Sample 
drying treatment 


Relative 
Temper- humidity, 
iture,F | percent 


Series I—Flue gas 


A3-160 100 
A6-100 


A9-100 


E3-100 
§6-1C0 
E9-100 


F3-150 
F6-150 
F9-150 


G3-100 
G6-100 
G9-100 


H3-200 
H6-200 
H9-200 


B3-150 
B6-150 
B9-150 


C3-200 
C6-200 
C9-200 


Cinder 


Cinder 75 percent 


relative humidity 


75 percent 
relative humidity 


Cinder 73 F - 50 percent 


relative humidity 


Cinder 73 F - 50 percent 


relative humidity 


Cinder None 


Cinder 


Series II—Pure CO, 


Cinder 


Cinder 


None J-CO 125 days 
73 F - 75 percent 


relative humidity 


73 F - 50 percent 
relative humidity 


K-CO 30 days measured 


Cinder 


M-CO 46 days 


-Flue gas plus pure CO, 


Series III 


Shale None 


Slag None 





*Average of hourly measurements. 


*Temperature varied from 100 to 160 F while relative humidity was maintained 


and 55 percent 


N9-150 
N18-150 


P9 
P18 


9 hr 
18 hr 


9 hr 
18 hr 


between 


35 
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have an influence on conclusions relating to the program objective and 
will be considered first in the discussion which follows. 

Table 3 lists changes caused by flue gas carbonation at various tem- 
peratures, relative humidities, and exposure periods on samples having 
different initial moisture conditions. Most samples lost weight and 
shrank during carbonation, due to their high initial moisture content 
and/or the high carbonation temperatures. The foremost indication of 


TABLE 3—SAMPLE CHANGES DURING CARBONATION WITH FLUE GAS 


Observed changes in sample 
Run Sample Weight, Length, CO, content, 
percent percent percent 
A3-100 .37 0.Cc00 Not 


A6-100 —0.93 0.C00 measured 
A9-100 q 0.017 


B3-150 2.5 - 0.602 Not 
B6-150 - —0.007 measured 
B9-150 0.016 

C3-2C0 - ¢ -0.007 Not 
C6-200 —8.0: 0.031 measured 
C9-200 —0.042 

E3-100 ! 6.c02 

E6-100 mb 0.003 

E9-100 < 0.016 

F3-150 0.002 

F6-150 : —0.023 

F9-150 —0.029 

G3-100 t 6.c02 

G6-106 -0.008 

G9g-10C 0.008 

H3-200 >. Be 0.030 

H6-20"' ‘ —0).024 

H9-200 0.030 


N9-150 — 6.C04 
N18-150 9 0.012 


P9 —< 0.003 
P18 0.C07 


TABLE 4—SAMPLE CHANGES DURING AIR DRYING AND CARBONATION WITH 
PURE CARBON DIOXIDE 


Observed changes in sample 
During air drying During carbonation with pure CO 


Run Sample Weight, Length, Weight, Length, CO, content, 
percent percent percent percent percent 


J-CO —1.43 —9.038 + 6.14 
K-CO —6.90 —0.047 + 2.70 —0.008 + 3.06 
M-CO —6.80 —0.052 + 3.64 —0.029 + 4.98 


N9-CO —9.50 —0.040 +1.73 —0.032 + 0.36 
N18-CO —10.70 —).034 + 1.42 —0.027 +2.31 


: P9-CO —8.70 —0.043 + 2.55 —0.029 + 1.46 
P18-CO —8.82 —0.037 + 1.80 —0.024 + 1.04 


*Carbonated and dried simultaneously. 
+Previously carbonated with flue gas 
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carbonation, i.e., shrinkage accompanied by weight gain, was noted in 
but two runs (E and G). It is reasonable to assume that some carbona- 
tion took place during these two runs. That all other runs resulted in 
weight loss does not mean necessarily that these runs resulted in no 
carbonation. Weight gain due to carbonation may have been obscured 
by moisture loss at the high carbonation temperatures. The gain in CO, 
content during Runs F, N, and P is evidence of carbonation even though 
each of these runs resulted in a loss of weight. It will be shown in the 
following paragraphs that an increase in CO. content is a better indica- 
tion of carbonation than is shrinkage. 























~~ 


| “Quantity of H20 
| formed and released 
| during carbonation 


| Note CO» weight gain computed as 


product of sample weight times 
percent CO» determined by test 

















2 
o 
a 
a 
w 
& 
oO 
< 
© 
a 
@o 
= 
@ 
- 
® 
a 
2 
© 
So 
© 
= 
rf 
= 



































3 4 
Time , Weeks 


Fig. 4—Increases in weight and CO2 content during carbonation with pure 
carbon dioxide 
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Table 4 lists changes observed on six samples air dried and subse- 
quently carbonated in pure carbon dioxide, and on one sample simul- 
taneously dried and carbonated (Series II). Runs J, K, and M were made 
with cinder aggregate specimens similar to those used in the Series I 
tests. Runs N and P were made with shale and slag aggregate units 
previously carbonated with flue gas. The changes during drying reported 
for Runs N and P are from the early-age shrinkage tests made after 
carbonation with flue gas. 

All of the predried samples shrank and gained weight during carbona- 
tion with pure carbon dioxide (Table 4). Shrinkage was greater for 
samples predried at 50 percent relative humidity (Runs M, N, and P) 
than for the sample predried at 75 percent (Run K). All samples were 
carbonated at a relative humidity of 53 percent. The sample dried and 
carbonated simultaneously (Run J) had a weight loss, indicating its 
moisture loss due to drying was greater than its weight gain due to 
carbonation. All samples carbonated in pure carbon dioxide increased 
in CO. content. 


Fig. 4 shows increase in weight and CO, content during carbonation 
of samples M-CO and K-CO. There is a relationship between the two 
measurements; either can be used to indicate extent of carbonation. 
This relationship between gain in carbon dioxide content and weight 
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Fig. 5—Weight gain and shrinkage of Sample M-CO during carbonation with pure 
carbon dioxide 
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Fig. 6— Weight gain and 

shrinkage of Sample K-CO 

during carbonation with pure 
carbon dioxide 
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gain has been pointed out previously by Verbeck* for carbonated cement 
pastes containing different amounts of fly ash. A similar relationship 
cannot be shown for Sample J-CO because of its high initial moisture 
content and subsequent weight loss during simultaneous carbonation 
and drying. The difference between CO, content increase and weight 
increase shown in Fig. 4 is due presumably to the release of newly formed 
water during carbonation. 


Shrinkage during carbonation appears to have less relationship to ex- 


tent of carbonation than does weight and CO, gain. This is illustrated in 
Fig. 5 and 6 where shrinkage and weight gain are plotted against car- 
bonation time. Note in Fig. 5 that Sample M-CO attained maximum 
weight gain (extent of carbonation) after 11 days of exposure, but con- 
tinued to shrink for a total of 4 weeks. Sample K-CO, Fig. 6, behaved 
in a different fashion, reaching maximum shrinkage in 13 days but re- 
quiring 20 days before reaching maximum weight gain. Both samples 
lost weight and shrank during 14 days of subsequent air storage at 50 
percent relative humidity. Based on these limited tests, the amount of 
shrinkage a concrete masonry unit undergoes during carbonation with 
pure CO, appears unrelated to the extent of carbonation except in- 
directly as carbonation affects the ability of the masonry unit to retain 
moisture. The relationship between masonry shrinkage and affinity for 
H.O will be discussed later. 


EFFECT OF CARBONATION ON PHYSICAL PROPERTIES 


Tests were conducted to determine the effects of carbonation on the 
concrete masonry specimens. Results of these tests are given in Table 
5 along with similar data for control (noncarbonated) specimens. Tests 
included compressive strength, absorption, unit weight, and drying 
shrinkage on representative samples of three specimens each. Generally 
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the tests were conducted on both carbonated and control specimens 10 
days after carbonation of the former. 

Carbonation, with flue gas or pure carbon dioxide, had relatively in- 
significant effects on specimen compressive strength, absorption, and 
unit weight. Flue gas carbonation (Fig. 7) increased the compressive 
strength of the Series III, expanded shale and slag specimens, but had 


TABLE 5—PHYSICAL PROPERTIES OF MASONRY UNITS AFTER EXPOSURE TO 
FLUE GAS AND/OR PURE CARBON DIOXIDE 


Compressive Shrinkage from drying 
strength, Unit p= ear ig 
Run Sample gross area, Absorption,* weight,* Cerbonated 


psi ib per cu ft Ib per cu ft Percent Control 


A3-160 
A6-100 
A9-1C0 


_ 


81.5 1.07 
82.1 1.07 
81.6 1.09 

6 

7 

8 


— 
te ee te 


J 


B3-150 
B6-150 
B9-150 


81 
81 
82 


0.037 
0.628 
0.022 


nou 


C3-2C0 
C6-2700 
C9-200 


81. 0.033 
81 0.026 
81 0.026 
E3-100 K 81.: 0.044 
E6-100 5 < 82 


0.038 
E9-100 82 0.037 


wet 


81 0 038 

82 6.034 

0.035 

G3-100 34 f 7 0.643 

G6-1C0 3 : 0.034 

G9-100 5 5 0.032 

H3-200 

H H6-200 
H9-200 


0.039 
0.038 
0.042 
Control 55 < 0.044 
Control 610 ) 0.047 

N9-150 2150 


0.040 
N N18-150 2100 


0.034 


P9 1090 € 043 
P 1180 0.037 


Control 1705 


0.057 
Control 5 990 


C.047 
J ‘ 1080 ¢ 0.020 
K K-C 905 q 0.022 
M 970 0.020 


585 (1d) 0.057% 

Control 845 (60d) 0.037 
850 (125d) 
880 (15Cd) 


P9-CO 1150 2 98.8 6.019 5 
P-CO P18-CO 1255 2 101.0 0.019 0.51 


Control 5? 980 3! 95.1 0.037 1.00 


N9-CO 1860 95.5 0.026 0 72 
N-CO N18-CO 1590 5 95 0.621 0.58 


Control 4; 1845 K 92.0 0.036 1.00 


*Absorption and unit weight based on saturated and inundated weights at start of shrinkage 
test and oven dry weight after test. : 

+Control specimens were not subjected to artificial carbonation 

tShrinkage during storage (60 days) prior to shrinkage test 

§Based on shrinkage of 0.037 percent for control specimens 
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Fig. 7—Effect of flue gas carbonation 
on compressive strength 
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minor effect on the Series I, cinder specimens. Greatest strength in- 
crease occurred with the expanded shale specimens (Run N) and 
amounted to approximately 400 psi. Strength increases accompanied car- 
bonation with pure CO, in most cases (Table 5) but the compressive 
strength of the expanded shale specimens (Run N-CO) was less after 
exposure to pure CO, than it had been after flue gas carbonation. Based 
on these data it is questionable whether carbonation has a significant 
beneficial effect on the compressive strength of concrete masonry. 

Drying shrinkage was altered by both flue gas carbonation and car- 
bonation with pure carbon dioxide. Carbonation resulted in an average 
reduction of 43 percent in the drying shrinkage of eight samples ex- 
posed to pure CO.. Reduction is based on a comparison with the meas- 
ured shrinkage of noncarbonated control specimens during their second 
drying cycle and would be greater if based on shrinkage of control units 
during their first drying cycle. 

Note in Table 5 the three cinder aggregate samples carbonated with 
pure CO. (Runs J, K, and M) each had approximately the same drying 
shrinkage. The same is true of the expanded slag units, (Run P-CO) and 
to a lesser degree of the expanded shale (Run N-CO). None of the 
changes observed during carbonation (Table 4) account for this same- 
ness in the drying shrinkage of like-aggregate samples having different 
degrees of apparent carbonation. Although weight gain appeared re- 
lated to CO. gain during carbonation of the two cinder aggregate sam- 
ples K-CO and M-CO (Fig. 4) the indicated degree of carbonation of 
the two samples was not the same. It would seem that reductions in dry- 
ing shrinkage are not proportional to weight gain, CO. gain, or shrink- 
age occurring during carbonation. 

Linear drying shrinkages of samples carbonated with flue gas are 
shown in Table 5. The effect of carbonation is indicated by the ratio 
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of carbonation sample shrinkage to that of the control specimens. These 
ratios are plotted in Fig. 8. 

Greatest reduction in drying shrinkage was caused by flue gas car- 
bonation at temperatures of 150 and 200F immediately after steam 
curing (Runs B, C, and N). The drying shrinkage of the cinder aggregate 
sample B9-150 was 47 percent that of a companion noncarbonated sample. 
By comparison, this is a greater reduction in drying shrinkage than that 
due to carbonation of cinder units with pure CO. (Runs J, K, and M). 

The average effects of exposure temperature and time on the drying 
shrinkage of all samples carbonated with flue gas are shown in Fig. 9a 
and 9b, while Fig. 9c shows the average effect of precarbonation drying, 
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Fig. 8—Effect of flue gas carbonation on drying shrinkage 
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or initial moisture condition of sample. Considering all samples, reduc- 
tions in drying shrinkage were greatest for samples carbonated at 150 F 
(Fig. 9a) immediately after their steam curing (Fig. 9c) and were gen- 
erally greater due to longer exposures to the flue gases (Fig. 9b). 
After they had reached a stable condition of dryness, Series I shrink- 
age specimens were dried further at 220 F and subsequently stored out- 
side of the laboratory for approximately 10 months. Prolonged outdoor 
exposure permitted further carbonation by the CO, in the atmosphere. 
Presumably masonry units which have been artificially carbonated, 
“preshrunk,” should be dimensionally stable during prolonged exposure 
to the atmosphere (see Fig. 1). Following prolonged exposure, specimens 
were returned to the laboratory, resaturated, and again tested for dry- 
ing shrinkage. Table 6 lists specimen weight and length changes noted 
between the time the samples were at a stable condition at completion 
of the first shrinkage test and when they were again at a stable condi- 
tion at the end of the second test 10 months later. All samples gained 
weight and shrank during the 10-months. Complete linear stability was 
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Fig. 9a (upper left)—Effect of carbona- 
tion temperature on drying shrinkage. 
(b) (left) — Effect of carbonation time 
on drying shrinkage. (c) (upper right)— 
Effect of precarbonation drying on dry- 
ing shrinkage of carbonated units 
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Fig. 10—Effect of flue gas 

carbonation on_ long-time 

volume — stability of ma- 
or es pentiiepsian sonry units 


f- No measurements token durir 
prolonged exposure period 


shrinkage , Percent 


4 


First shwinkage test, 
Reference non-carbonoted 
somple, Ref 2 


not obtained by flue gas carbonation. In most cases the amount of addi- 
tional shrinkage was less for the carbonated than for the non-carbon- 
ated control specimens. 


Total shrinkage due to two cycles of wetting and drying and 10 months 
of atmospheric exposure are shown also in Table 6. The effect of flue 
gas carbonation is shown by the ratio of carbonated to noncarbonated 
specimen total shrinkage from saturation at the start of the first shrink- 


TABLE 6—CHANGE IN SAMPLE WEIGHT AND LENGTH WITH PROLONGED 
ATMOSPHERIC EXPOSURE 


Total shrinkage from initial 
Change observed between end of saturation (first test) to dry 
Sample first and second shrinkage tests condition (second test) 


Length, Weight, Carbonated 
percent Ib Percent Control 


A3-100 —0.026 0.38 0.073 
A6-100 0.024 0.35 0.071 
A9-100 0.022 0.38 0.070 


B3-150 0.026 0.39 0.063 
B6-150 0.022 0.36 0.050 
B9-150 0.017 0.29 0.039 


C3-200 0.027 0.51 0.060 
C6-200 0.017 0.50 0.043 
C9-200 0.016 0.49 0.042 


E3-100 0.021 0.35 0.663 
E6-100 0.013 0.26 0.051 
E9-100 0.009 0.20 0.046 


F3-150 -0.018 6.33 0.056 
F6-150 €.013 0.25 0.047 
F9-150 0.013 6.19 0.048 


G3-100 —0.013 0.39 0.058 
G6-100 —0.609 +-0.32 0.043 
G9-100 —0.012 0.28 0.044 


H3-200 0.018 0.41 0.057 
H6-200 —0.013 +-0.38 0.051 
H9-200 —0.012 0.37 0.054 


Control 1 —0.020 0.49 0.064 
Control 2 0.024 0.61 0.071 
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age test to equilibrium dryness (50 percent relative humidity, 73 F) at 
the end of the second test, 10 months later. Numerically, differences in 
total shrinkage of carbonated and noncarbonated specimens (Table 6) 
are about the same as shown by early age drying shrinkage tests (Table 
5). However, the ratio of carbonated to noncarbonated total shrinkage 
increased due to an additional equal amount of shrinkage of both speci- 
men types during the 10 months of atmospheric exposure. Fig. 10 shows 
the time-shrinkage curves for Sample B9-150 and the noncarbonated 
control sample. It appears the improvement in drying shrinkage result- 
ing from flue gas carbonation is permanent even though specimens un- 
dergo a normal amount of atmospheric carbonation shrinkage during 
prolonged exposure. 


RELATIONSHIP OF DRYING SHRINKAGE TO RESIDUAL MOISTURE 


After they had reached a stable condition of dryness at 50 percent 
relative humidity and 73 F, Series I shrinkage specimens were dried at 
220 F to determine their residual shrinkage and moisture content. Earlier 
tests* had indicated a relationship between shrinkage during drying 
and the quantity of moisture retained in the unit on completion of drying 
(residual moisture). This relationship has more recently been shown by 
Verbeck* who compared length change during drying with the amount 
of water vapor adsorbed by cement pastes at 36 percent relative hu- 
midity. The amount of vapor adsorbed is reported® to be a measure of 
the amount and physical character of the products of cement hydration. 
Determining the residual moisture retained at 50 percent relative hu- 
midity by oven drying at 220F is a less refined procedure than that 
employed by Verbeck and others with cement pastes, but results appear 
to agree with good uniformity. Fig. 11 shows the relationship between 
measured shrinkage and residual moisture content as determined by 
oven drying 23 samples from Series I after two different shrinkage tests, 
and three Series II samples after one shrinkage test. The relationship is 
fairly consistent; unit shrinkage during drying is directly proportional 
to residual water content at equilibrium. 


The determination of residual moisture content is a simple method of 
measuring the shrinkage characteristics of concrete masonry. Undoubt- 
edly, such factors as type and amount of aggregate also influence drying 
shrinkage, as does the temperature and relative humidity of the drying 
atmosphere. Higher drying temperature and lower relative humidities 
result in reduced residual moisture and greater drying shrinkage. It is 
believed, however, that with further study, and research, residual mois- 


*Unpublished test data of the National Concrete Masonry Association 
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Fig. 11—Relationship between drying shrinkage and residual moisture content after 
drying of masonry units 


ture content (or water sorption) may form a rational basis for predicting 
the drying shrinkage of concrete masonry. 


SUMMARY 

1. Early-age drying shrinkage of concrete masonry units was altered 
by both carbonation with flue gas and carbonation with pure CO,.. The 
drying shrinkage of units carbonated with pure CO. was reduced an 
average of 43 percent. The drying shrinkage of units carbonated with 
flue gas was reduced, reductions varying with carbonation time, tem- 
perature, and precarbonation moisture condition of units. 

The effect of flue gas carbonation on early-age drying shrinkage was 
greatest (reduction in drying shrinkage of up to 53 percent) when con- 
crete masonry units were treated at temperatures of 150 and 200 F im- 
mediately after steam curing. Flue gas carbonation was least effective 
in reducing early-age drying shrinkage when units were treated at 100 F 
immediately after steam curing. 

Considering all samples, reductions in early-age drying shrinkage due 
to flue gas carbonation were greatest when units were treated at 150 F, 
(Fig. 9a); were greatest when units were treated immediately after 
steam curing, (Fig. 9c); and were generally greater due to longer ex- 
posure to the flue gases (Fig. 9b). 

2. The effect of flue gas carbonation on early-age drying shrinkage 
was reflected in the total shrinkage of samples after 10 months exposure 
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to the atmosphere and two drying shrinkage tests. Numerically, differ- 
ences in total shrinkage of carbonated and noncarbonated specimens 
were about the same at the end of a shrinkage test after 10 months at- 
mospheric exposure as they had been at the end of a shrinkage test at 
the beginning of the period. 


3. The effect of carbonation, with pure CO, or flue gas, on concrete 
masonry compressive strength, absorption, and unit weight was minor. 

4. Both weight gain and gain in CO, content could be used as measures 
of carbonation extent of predried masonry units carbonated with pure 
CO, (Fig. 4). Shrinkage during carbonation was unrelated to extent of 
carbonation with pure CO, (Fig. 5 and 6). 


5. Residual moisture content after drying at 50 percent relative hu- 
midity and 73 F was related to the shrinkage characteristics of concrete 
masonry. Shrinkage of atmospheric-pressure steam cured cinder aggre- 
gate units was directly proportional to their residue moisture content 
after drying (Fig. 11). 
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Title No. 56-43 


Distribution of Torsion and 


Bending Moments in 


Connected Beams and Slabs 


By M. A. GOUDA 


Presents a method for determining torsion and bending moments in 
concrete beams and slabs connected monolithically. So!ution of the problem 
is based on the elastic torsion theory where the effect of the torsional rigidity 
of beams and slabs is taken into account. Beams are assumed to be homo- 
geneous with their ends rigidly fixed. 


Different cases investigated include: cuter beam subjected to a canti- 
lever moment, marginal beam, effect of beam end rotation, and effect of 
beam deflection. 


Formulas and practical curves are given for a direct determination of 
the torsion in the beams and the moments in the slabs. 


@ IN BEAMS SUPPORTING A cantilever slab on one side and an inner slab 
on the other, the effect of the torsional resistance of the beam is general- 
ly neglected when calculating the actual moment to which the inner 
slab is subjected. The presence of this beam restrains, by an unknown 
amount, the bending of the cantilever slab. However, the inner slab is 
generally designed to resist all the external cantilever moment by con- 
sidering the supporting beam as a knife edge support. 

Also in beams supporting a slab on one side only, such as marginal or 
spandrel beams, the fact is overlooked that the presence of the floor slab 
prevents free rotation of the spandrel beam. This means that the con- 
nected slab will create an unknown restraint against the twisting of the 
beam. 

Moreover, in office practice beams supporting a cantilever slab and an 
inner slab are designed for bending moment only, disregarding any 
twisting moment. The effect of the twisting moment is supposed to be 
covered by the factor of safety but this is not always a wise or correct 
procedure. 
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The object of this work is to present a method for the analyzing and 
determining the actual stresses in beams and slabs monolithically con- 
nected taking into account the effect of the torsional rigidity of each on 
the other. 

To simplify the mathematical work of the problem the following as- 
sumptions are made: 

(1) Beams and slabs are assumed homogeneous to allow the application 
of the torsion elastic theory. 
(2) Ends of beams are assumed rigidly fixed. 

In the investigation which follows, the theory is developed from a sim- 
ple equation of equilibrium by considering a short length of beam sub- 
jected to an external moment m, (if applied), a resisting torque T and 
the slab restraint moment m. Since the resisting moment m and torque 
T can be expressed in terms of the angle of deformation 4, a differential 
equation of the second degree may be derived in terms of the slab mo- 
ment m as the variable. The solution of this equation will give the values 
of the unknown forces m and T. 


CASE 1: BEAM CONNECTED TO AN INNER SLAB AND SUBJECTED 
TO AN EXTERNAL MOMENT m, 


Fig. 1 (a) and (b) show the plan and cross section of a beam of span 
l, breadth b, and over-all depth d connected to an inner slab of a uniform 
thickness t and span S. The beam is subjected to an external moment m, 
from a cantilever slab as shown. 


Assumptions 


(a) Ends of beam are rigidly fixed. 


(b) Beam is connected to a loaded cantilever on one side and to an un- 
loaded inner slab (1 « S) on the other. 
(c) Outer slab edge is simply supported. 


General differential equation and its solution 


Considering the equilibrium of an elementary strip of width dx cut by 
planes I, II, and III (Fig. 1) and subjected to forces as shown in Fig. 2 
(a) and (b) we get: 


(1) 
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Fig. 1—Plan and cross section of a slab showing elementary strip with the canti- 
levered portion both loaded and unloaded 


From the torsion theory: The angle of twist per unit length in the case 
of a rectangular cross section is given by: 


do Zz 
dx . 


where C torsional rigidity of beam — BGb*d_ is a constant given in 
Table 1. 
From Eq. (1) and (2), 


(2) 


— 


d 
b 


1.5 


B | 0.141 0.196 wd 0.229 , .26% 0.281 | 0.299 0.307 | 0.313 
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Fig. 2—Elementary strip of beam showing torsional effects on cantilever on one 
side and inner slab on the other 


Referring to Fig. 3, angle of rotation 
: (m dx S) 4mS 
ai: Et 
Substituting in Eq. (3) from Eq. (4): 
d*m Et Et 


- - m+ a 


dx 4CS 4CS 
and the required differential equation becomes 
d’m 
dx* 
where 
Et Et 


b 


a = * rT m am constant 
4CS 4CS — 


Solution of Eq. (5) will be: 


b 
A sinh wx + Bcosh wz + - = (6) 


where w \/a and A and B are constants determined from the bound- 
ary conditions of the beam ends being rigidly fixed, hence 
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Fig. 3—Elementary strip of 

width dx and length | show- 

ing angle of rotation ¢ 
caused by torsion 





mat 


Me 


nial 7 


cosh ~9 
Substituting for A and B in Eq. (6), the equation of the distribution of 
the resisting moment m of the inner slab becomes: 


1 cosh wx 
m m wl 
cosh ~5 


Substituting for m from Eq. (7) in Eq. (1), 
cosh wx 


dT : 
dx : wil 
cosh 9 


< 


Therefore, the equation of the distribution of the resisting torque of 


the beam will be: 
sinh wx 
wil 
Ww cosh 9 


te «2, hence 


Special cases 
Consider a beam of great torsional rigidity, i.e 


Et? le i 

ul \/a | 4cs is small. 

Substituting for x = ¥% in Eq. (8) it becomes: 
wl 


wl 
sinh 5 ) 
wl w 
w cosh —5 


This means that the total external moment m, is resisted by the beam 


torque. 
The other extreme is when C 0, i.e., the beam will be just a knife 
edge support and w — ~«. Substituting for x — 0 in Eq. (7) it becomes: 


1. cosh w - 0 / 1 
m= m wl m, | 1—— ) 
cosh 9 x 
L 2 
which is the case of a slab with a cantilever part resting on 


+ «ae mM, 
an edge support. 
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Numerical example 1 


Given an inner slab with a cantilever part supported on a beam of span 
1 yd as shown in Fig. 4. The slab cantilever part will cause a bending 
moment —1.0 ton-yd. The inner slab and the beam are of such dimen- 
sions that a = Et*®/4CS = (1 yd)~? 

Draw the distribution of the inner slab moment and the beam torsion. 

Moment m,=-—1.0 ton-yd per yd 
*.b=m,a=—1.0 ton per sq yd 
and w=\/a=1 yd 


From Eq. (7) of the inner slab moment 


1 cosh wx 
3 wl 
m = We cosh -> 
. sh x 
- — i cosh x 
palit, cosh —5 1.128 


and from Eq. (8) for the beam torque 


T—m, -_Sinhwxr __ sinhzx 
wl 1.128 
w cosh —5 


By substituting different values in the preceding equations, curves of 
the distribution of m and T are obtained as shown in Fig. 5. 


Curves for slab moment m and beam torque T 
Referring to Fig. 6 and 7, we have: 


; cosh wx 
=e wl 
m Mo nosis = 
sinh wx 
T=m — ) 
w cosh = 
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Fig. 5—Moment m and tor- 
que T distribution curves 
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Substituting for u = wl in Eq. (7) and (8): 


cosh 


cosh 
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Fig. 6—Plan and section view of typical slab 
with its outer and inner sections supported by 
beam Fig. 7—Beam cross section 
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TABLE 2 


9 


2.035 124 1.13 0.97 0.86 


where wu is a coefficient denoted as the beam slab coefficient 


‘= ( was ) 


Ktl : 
"wu b: (—-) (11) 


where K is determined from Table 2 for corresponding values of d/b: 
For any case by substituting the values of t, 1, b, S, and k in Eq. (11), 
the corresponding coefficient u is determined. 
In the special case of slab thickness t 4 in. and breadth of beam 
b = 10 in., Eq. (11) becomes 


kl 
u = 0.08 = (12) 
VS 
From Eq. (9), (10), and (11) curves of the distribution of slab bending 
moment m and beam torsion T are drawn as shown in Fig. 8 and 9 for 
different values of slab beam coefficient wu. 


Fig. 8—Curves of moment taken by slabs 
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Fig. 9—Curves of torsion taken by beam 


Numerical example 2 


A beam 10 x 20 in. and of span | 255 in. is subjected to a cantilever 
moment of 144 x 10° in.-lb on one side and supporting an inner slab of 


t = 4in. and span 144 in. on the other side. 


t=4in.:; b 10 in.; 2 


Ties 
.. from Table 2 the corresponding value of k 1.13 


from Eq. (12) the slab beam coefficient 


Kl 225 
u = 0.08 0.08 « 1.13 >» = 1.92 
VS V 144 


referring to the curves in Fig. 8 for u 1.92 the coefficient C,; — 0.33 
at midspan of beam. 

“mm C,m, 0.33 « 144 « 10° = 475,000 in.-lb 
and from the curves of Fig. 9 for u 1.92 the coefficient C. — 0.4 at 
end of beam, 


..T=C.m,l=0.4 x 144 x 10° x 255 = 14.8 x 10° in.-lb 


CASE II—-MARGINAL BEAM 


Marginal or spandrel beams are those beams at the outside wall of a 
structure or those framing around an opening. Such beams always re- 
ceive load from one side only. Referring to Fig. 10, the slab (l x s) is 
carrying a uniformly distributed load of g per unit area and connected 
to two beams where their ends are fully fixed. 
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Fig. 10—Marginal or span- 
drel beams loaded on one 
side only 



































To determine the unknown forces m and T we shall consider the 
equilibrium of a short length of beam as shown in Fig. 11. 


dT 
dx 


and since 


T =Cd¢/dzx 
then 
m —C d*¢/dx 
By superposition and from Fig. 12, angle of rotation 


gS*  , 6mS 


CSR tes — a Et 


d*% 


By substituting for sain Eq. (12) 


max 


xf 











Fig. 11—Unknown forces, m and T, 
acting on short length of beam 
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caine ae 
6CS da* 
Et’ 


and the required differential equation is 


m= 


d*m : | eae 
de ~om =0 where c = 6CS 


*.= Acosh cx + Bsinhcx 
from the boundary conditions T — 0 
S 
°_A=-- g cl and B=0; 
12 cosh 2 


Therefore, the equation for the distribution of the slab moment m 
becomes 
gS° 


12 cosh 


- cosh cx 


but we have 


dT 


i => 


and from symmetry, the equation for the distribution of the beam tor- 
sion will be: 


S*c 
T= zz. 


=—- - sinh cx 
12 cosh 


cl 
_— 


- 


Curves for m and T for the case of marginal beams 


Similarly as for Case I by substituting for u — cl in Eq. (13) and (14) 
we have 
gS* itil = 


u 
12 cosh 


Fig. 12—-Moment acting on 
marginal beam results in an 
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Su : 
a . sinh ™ (16) 
121 cosh —“ 


In this case the beam slab coefficient u K 


where K is given in Table 3. 


TABLE 3 





0.92 0.79 0.70 0.59 0.465 
For the special case where slab thickness t 4 in. and beam breadth 
> = in. 


K 
u 0.08 
Ve 


From Eq. (15) and (16) curves for the distribution of slab bending 
moment m and beam torsion T are drawn as shown in Fig. 13 and 14 for 


different values of slab beam coefficient wu. 


Fig. 13—Curves of moment taken by slabs 
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EFFECT OF BEAM END ROTATION ON THE DISTRIBUTION OF SLAB 
MOMENT m AND BEAM TORSION T 


In the previous investigations the ends of the beam were assumed to 
be totally fixed, i.e., restrained against rotation. But it may happen in 
some cases that the end supports are not rigid enough and therefore will 
allow some rotation as shown in Fig. 15. 


Ends of beam equally rotated 
Let 4 equal the angle of rotation of support for a unit couple acting 
at each end. Referring to Fig. 15, the angle of rotation at end of beam 


p 2 od } 
and since 


4S dq 
¢= Fr ™: T=C az 


then the boundary conditions at the ends of the beam will be: 


_ dm 
/ 


ig. 14—Curves of torsion taken by beams 
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To get the effect of end rotation in Case I, Eq. (6) will have to satisfy 
previous boundary conditions which will give: 
A a™Me B 
— l > — 
(a* — 1) cosh - 


a 


where a = Caw 


The equation for the distribution of the resisting moment m of the 
inner slab taking into account the effect of the end rotation will be: 


a ; 1 
m=m.)| 1-4 — i sinh wx + oe . — cosh wx ] 
(a* — 1) cosh” 5) («* — 1) cosh 9 


putting 
1 


wl 
(a* — 1) cosh 9 


m= mM. [1 + assinh wx + scosh wz | (18) 


and the distribution of the resisting beam torsion taking into account 
the end rotation will be given by: 


T=™, [ 2x — (a cosh wx + sinh wx + a) | (19) 


s 
w 

In the case where the ends of the beam do not rotate the same amount, 
the procedure given may be adopted but will involve a more complex 


solution. 


EFFECT OF BEAM DEFLECTION ON THE AMOUNT OF BEAM TORSION T 
AND SLAB MOMENT m 

Effect of beam deflection is discussed by considering Case I. Other 
cases could be investigated by following the same procedure. 

As for Case I, we assume the beam of span | is monolithically connect- 
ed to a cantilever slab of width s carrying a uniformly distributed load 
of intensity W per unit area on one side and to an inner unloaded slab 
(1 x S) on the other side as shown in Fig. 16. 

The beam will be subjected to a variable vertical reaction r = Ws + 
m/S with its maximum value at midspan. 


Required differential equation 
Considering the equilibrium of a short length of the beam and denoting 
by y the deflection of the beam at any section X, then: 


dT/dzx d*¢ 


c — ee 





TORSION AND MOMENTS IN BEAMS AND SLABS 


Fig. 15—Beam with both ends going 
through an equal angle of rotation (case 
of end supports not being rigidly held) 











_ Wy/dx 4S d*m 
Ss ~ Be ae 
: pt dT d’ M 
and by substituting for dx = ™- — mand 7 =— 3” 
(where M is the bending moment of beam due to reaction r) then 
(20) 


d*m 
(> — - M) 0 


—am + 


¥ 
dx 4S*I 


Ee é 
a acs b= ma; 
Comparing Eq. (5) and (20), it is seen they are both the same except 
3 
for the constant b now decreased by the amount iii - M. 


In most problems this value will not vary more than 30 percent of b, 


as will be shown later in the numerical example. 


From Eq. (20) 


d*m ( 
dx —~ am+a \ Ms —Fy 


rh 


4, | 1) 
4 t He 


oe 
ead 


Bistribution of reaction r 


Fig. 16— Beam deflection 

caused by loaded outer slab 

induces torsion and moment 
into inner slab 
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by assuming the bending moment M = 0.1 (ws + m/S) I and substi- 
tuting for m, = Ws*/2 then 


Jos 0.1 CP | 0.2 Cl: 
ie ~a(i + Sep] )m r b( 1+ oR] ) =8: 


putting 


0.1 Cl’ .. ( 


SEI. = 0.5 S \h ) = 6B see Table 1) 


the required equation will be: 


dm _ 4 (14-$)m4 


‘m=Asinhw,x + Bcoshw,x 


A=, wl 
cosh > 


< 


The equation of the distribution of the resisting moment m of the 
inner slab taking into account the effect of beam deflection will be: 


2z 
1 Ss cosh w,x 
w,l 
1 + cosh —5 


and the equation for the distribution of the resisting beam torsion tak- 
ing into account the beam deflection will be: 


2z 
sinh w,x 
w,l 
w- cosh 9 
Numerical example 3 
Determine maximum slab moment m and beam torsion T taking into 


account effect of beam deflection in Example 2. 


beam 10 x 20 in. l 255 in. 


slab t = 4 in. : s = 48 in 





TORSION AND MOMENTS IN BEAMS AND SLABS 


*.B = 0.229 ae ge 
From Eg. (12): 


=-192—axl=—a»~x 255 


aru ts 
s [ cj + 
‘a= 56.5 x 10° 
2g i 
(1 F s-) — 0.00785 


From Eq. (22) 


1+ cosh w, x ] 


1 ~ @osh w, 


; 2x 13 
: 48 1 P 
144,000 13 [1 _ a3 | 710 x 10° in.-lb 


144 
Note in Example 2, m = 475  10* in.-lb and from Eq. (23) 


[ sinh w.xr ] 
w, cosh w, 1/2 


" 1.175 . ; 
T = 144,000 x 1.41 >» 0.00785 ~ 1.543 19.6 « 10° in.-lb 


Note in Example 2. T 14.8 « 10° in.-lb. 


2 


s 
S 


CONCLUSIONS 


1. Outer beams and slabs monolithically connected may be designed 
successfully by applying the derived formulas or curves. 

2. When calculating the actual distribution of beam torsion or slab 
moment the effect of interaction of torsional rigidity between beam and 
slab is of great importance in the solution. 

3. Economy in the reinforcement of the slab is realized and the con- 
nected beam must be reinforced to actual torsion moment especially at 
the ends. 


4. Beam end rotation is important and depends on the stiffness of the 
supporting column. 


5. Beam deflection will have the effect of increasing the calculated 
forces by 30 percent. 
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Title No. 56-44 


Shrinkage and Creep of 
Concrete 


By INGE LYSE 


In the design of prestressed concrete structures it is necessary to take into 
account the effects of shrinkage and creep, which cause a reduction of the 
initial prestressing forces. This paper reports on tests of the four major factors 
that contribute to shrinkage and creep. Equations are derived, based on the 
data obtained from the tests, for determining the combined shortening effects 
of creep and shrinkage. 


Mi ORDINARY REINFORCED CONCRETE as well as prestressed concrete struc- 
tures are generally subjected to the effects of shrinkage and creep. In 
prestressed concrete structures the reduction in the prestressing force 
caused by shrinkage and creep may be of major importance. It is there- 


fore necessary to provide for these time factors in the design of pre- 
stressed concrete structures. Certain countries have adopted empirical 
rules for the calculation of shrinkage and creep, but much more experi- 
mental data are still required before we may arrive at rational methods 
of calculating accurately their effects. 


The major factors influencing the shrinkage and the creep of the con- 
crete are: 


1. The amount of cement paste in the concrete. 
2. The physical and rheological properties of the materials in the concrete. 


3. The temperature and relative humidity of the ambient atmosphere dur- 
ing curing and exposure. 


4. The type and the intensity of the sustained stress in percentage of the 
ultimate strength of the concrete at the time of loading. 


PROGRAM OF INVESTIGATION 


Because of the limited time and loading rigs available, the investiga- 
tion was concentrated on the study of only these major factors: the 
effect of the amount of cement paste in the concrete and the effect of 
the sustained stress in terms of the ultimate strength of the concrete at 
the time of loading. Two different concretes were used, the materials 
being ordinary French portland cement and Seine River sand and gravel, 
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the one concrete having a water-cement ratio of 0.40 and a paste content 
of 33 percent for giving proper placeability with vibrators and the other 
having a water-cement ratio of 0.70 and a paste content of 27 percent. 
For the determination of the compressive strength of the concrete, 6-in. 
(15 em) cubes were made, while for shrinkage and creep observations 
23%4 x 2% x 11 in. (7 x 7 x 28 cm) prisms were used. All specimens were 
cured in the moist room at 68F (20C) and a relative humidity of 99 
percent until the age of 7 days. The average 7-day compressive strength 
of the 6-in. cubes with w/c — 0.40 was 6250 psi (440 kg per sq cm) and 
of those with w/c — 0.70 was 3000 psi (210 kg per sq cm). For the creep 
tests the sustained stresses selected were: 20, 30, and 40 percent of the 
7-day strengths of the two concretes. 


SHRINKAGE AND CREEP TESTS 


From each of the two concretes 12 prisms were made, six for shrinkage 
tests and six for creep tests. The prisms were removed from the moist 
room at 7 days and placed in a constant temperature room at 68F and 
50 percent relative humidity. For the creep tests two prisms of each con- 
crete were placed in the individual loading rigs described in a recent 
paper by Mamillan,' shown in Fig. 1, and subjected to sustained stresses 
of 20, 30, and 40 percent of the strengths of the concretes at the time of 
loading. The observations were made with a fulcrum-plate strain gage 
having a 20 cm (8.0 in.) gage length. 


The results of the shrinkage and the creep tests are shown in Fig. 2 
and 3 for the two concretes. The sustained stresses were maintained for 
115 days and then removed. The solid lines represent the average creep 
for the two companion specimens under the same sustained stress and 
the broken lines represent the average shrinkage of the six specimens 
of each concrete. It is noted that the creep curves show some irregulari- 
ties at 115 days. This is due to the assumption that the modulus of elas- 
ticity of each concrete would remain constant during the time under 
load, while in fact both concretes would show some change in the modu- 
lus of elasticity due to the increased age. The shrinkage as well as the 
creep of the concrete of w/c = 0.40 and paste content of 33 percent was 
considerably greater than the shrinkage and the creep of the concrete of 
w/c = 0.70 and a paste content of 27 percent. As far as the shrinkage is 
concerned this is in agreement with earlier test results? where it was 





SHRINKAGE AND CREEP 777 


found that the shrinkage of the con- 
crete was approximately propor- 
tional to the percentage of cement 
paste in the concrete, regardless of SF Ais ca 
the composition (water-cement ra- 
tio) of the paste. For a more direct 
study of the effect of the amount 
of cement paste in the concrete, Fig. 
4 was prepared. Here the ratio be- 
tween the shrinkages of the two 
concretes after various lengths of 
time in the room of 50 percent rela- 
tive humidity is shown by the 
broken line. The ratios between the 
creeps of the two concretes are 
shown as solid lines. It is interesting to note that the creep ratios for 
30 and 40 percent sustained stress follow the shrinkage ratio closely 
during the whole testing period, while the ratio for the 20 percent 
sustained stress is considerably higher, indicating an error in the stresses. 
Looking at Fig. 5 which shows the relationships between the creep and 
the sustained stress, it is noted that the stress at 20 percent for the con- 
crete of w/c = 0.70 seems to be only about 83 percent of its proper value. 
Making correction for this as shown in Fig. 4 the creep ratio for the 20 
percent sustained stress also follows the shrinkage ratio closely. The 
ratios are considerably above the paste ratio (which is 33/27 = 1.22) 
for the first few weeks of tests, but they decrease gradually with the 
time and after a transition period of 8 to 10 weeks become practically 
constant at a value nearly equal to the paste ratio of 1.22. In other words 
the effect of the amount of cement paste in the concrete is just the same 
for the creep as for the shrinkage. This means that when corrections are 
made for the amount of the cement paste in the concrete the creep of 
the concrete for a sustained stress equal to a certain percentage of the 


Regulator 


Manometer 


Fig. 1—Apparatus for creep tests 
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Fig. 2—Shrinkage and creep (w/c — 0.40) 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE February 1960 


|\40% 
— = 


+ - + 


7 | 0 oe 


S 


8 


2 
| 20% of Mt Strength 


cad 
So 
o 


: 








Shrinkage and Creep( a per meter) 
° 


Deys nm Room of 50% Relative Humidity and 20° Température 


Fig. 3—Shrinkage and creep (w/c — 0.70) 


strength of the concrete is of the same magnitude regardless of the 
water-cement ratio of the concrete. 

The effect of the magnitude of the sustained stress on the creep of 
the concrete is shown in Fig. 5. All earlier tests show the same straight- 
line relationship between stress and creep as found here.** It seems 
that the results would give a creep of zero when the applied sustained 
stress was as low as 3 percent of the ultimate strength of the concrete 
at the time of loading. To clarify this point a few additional series of 
tests were made where the applied sustained stresses were only 5, 10, 
and 15 percent of the strength of the concrete. Although only short-time 
results are as yet available they indicate clearly that there is no load 
at which the creep is zero. The correct point of zero creep seems thus 
to be at a sustained stress equal to zero. 


ANALYSIS OF RESULTS 


In these tests as well as in all other investigations** the observed 
curves of shrinkage and creep have a common character of the kind 
shown in Fig. 2 and 3. Many investigators have proposed various form- 
ulas for these curves** and the simple one proposed by Aroutiounian 
in his excellent book® for the shrinkage of concrete is: 


S(t) =S. (1 —e“') (1) 


where S(t) = shrinkage after a drying period t 
S. final shrinkage at the given relative humidity 
s = rate of shrinkage depending on the relative humidity of the 
ambient atmosphere 
t= length of time of shrinkage 


This equation seems to fit fairly well the shrinkage curves obtained 
for various values of the percentage of relative humidity of the ambient 
atmosphere when the value of s is properly chosen. 
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Fig. 4—Ratios of deformations of concretes having w/c of 0.40 and 0.70 


For the creep curves Aroutiounian proposes a more complicated equa- 
tion: 


C(t.x) = 9(t) [1—e7"-?] (2) 


As the present data as well as earlier investigations? have shown that 
the shrinkage of concrete containing a given cement and a given type 
of aggregate is approximately proportional to the paste content of the 
concrete regardless of the composition of the paste, we may write: 


S(t) =S.. (l1—e™“') p (3) 
= final shrinkage per 1 percent paste in the concrete at the given 
relative humidity 


p = percent cement paste in the concrete 


Considering the shrinkage and the creep curves shown in Fig. 2 and 3 
we find that for 50 percent relative humidity of the ambient atmosphere 
a sustained stress of about 25 percent of the strength of the concrete 
will give a creep curve nearly equal to the shrinkage curve. For other 
percentages of relative humidity the magnitude of the sustained stress 
which will give creep equal to the shrinkage will be different. Results 
by Mamillan' indicate that for a relative humidity of 85 percent and a 
sustained stress of about 15 percent of the strength will give creep of 
about the same magnitude as the shrinkage, while at only 15 percent 
relative humidity the sustained stress must be as much as 35 percent of 
the strength for giving creep of the same magnitude as the shrinkage. 

On the basis of these results we may set up the following formula for 
the creep of the concrete: 


C(t) =S.. (1—e") p 
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Fig. 5—Relation of creep to load +x We = Q40 
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where: C(t) creep at time t 
Oa actual sustained stress on the concrete 
Osr magnitude of sustained stress which will give creep equal to 
the shrinkage of the concrete at the given percentage of rela- 
tive humidity 
For practical design purposes the combined effect of shrinkage and 
creep must be considered. Combining Eq. (3) and (4) we obtain the 
following formula for the total shortening of the concrete: 


Sh(t) = » dey (14 S_) 4 (5) 


The unknown factors in the above equations are S., s, and o». The 
value S,, is obtained from the experimental curve for a time of observa- 
tion t: 


S(t) 
Ses = (1 —e*"')p 


where the values for the various percentages of relative humidity of the 
ambient atmosphere must be observed for evaluating the factor s. Curves 
for such relative shrinkages are illustrated in Fig. 6. Such curves should 
be determined for the types of cements and aggregates used in the struc- 
ture. Recent investigations of the creep of mortars of various cements*® 
have shown that in general the creep is nearly the same for a sustained 
stress equal to a given percentage of the strengths of the mortars. Wide- 
ly different aggregates may give considerable differences in the magni- 
tude of the creep and the shrinkage. Creep and shrinkage curves for 
different aggregates should therefore be established. 
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Much concern has pre- 1.00 
viously been given to the 
effect of the age at load- 
ing. If the sustained 
stress is taken in terms 
of definite percentages of 
the strength of the con- 
crete at the time of load- 
ing, the age effect be- _—— 
comes of minor import- | 
ance. As shown in earlier 
tests* the length of moist 
curing before placing in 
a drying room of constant Fig. 6—Relative shrinkage at various hu- 
relative humidity has midities 
only minor effect on the final shrinkage of the concrete. The size of the 
section has a definite effect on the shrinkage as well as on the creep of 
the concrete. For the application to full-sized structural members it is 
therefore necessary to investigate more thoroughly the relationship 
between the shrinkage and the creep of the relatively small specimens 
used in laboratory studies and of the actual full-sized sections in the 
structures. 
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To find the proper value of the sustained stress o,, which will give 
creep of equal magnitude as the shrinkage for the various percentages 
of relative humidity of the ambient atmosphere, a curve of the type 
shown in Fig. 7 should be established for the materials used in the struc- 
tures. With accurately established curves of the kind shown in Fig. 6 
and 7 it should be possible to calculate the effect of the shrinkage and 
the creep on ordinary reinforced - 
concrete, and particularly on pre- e 
stressed concrete structures, with 
a reasonable degree of accuracy. 

For 100 percent relative humidity 
of the ambient atmosphere there 
is no shrinkage, in fact a small ex- 
pansion, and the creep is also rela- 
tively small. Tests by Mamillan’ 
indicated that the creep at 100 per- 
cent relative humidity was only 
about 40 percent of the creep at 50 
percent relative humidity for sus- 
tained stress of equal percentage Fig. 7—Relationship between shrink- 
of the strength of the concrete at age and load for creep equal to 
the time of loading. shrinkage of concrete 
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CONCLUSIONS 


It should be realized that only the major factors influencing the shrink- 
age and the creep of the concrete have been investigated here to obtain 
data readily adapted to the design of reinforced concrete and prestressed 
concrete structures. The following conclusions should therefore be con- 
sidered for the purpose of practical applications only: 

1. The shrinkage of the concrete is approximately proportional to the 
amount of cement paste in the concrete, regardless of the composition 
of the paste. 

2. Under a sustained stress equal to a given percent of the strength of 
the concrete at the time of loading, the creep of the concrete is approxi- 
mately proportional to the amount of cement paste in the concrete re- 
gardless of the quality of the concrete and the age at application of the 
load. 


3. The relative humidity of the ambient atmosphere has a pronounced 
effect on the shrinkage and the creep of the concrete. 


4. By means of Eq. (3), (4), and (5), the effects of the shrinkage and 
creep on reinforced concrete and prestressed concrete structures may 
readily be calculated with a fair degree of accuracy. 
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CURRENT REVIEWS 


of Significant Contributions in Foreign and Domestic Publications 


World-Wide Engineering and 
Scientific Publications 


By ERNEST HARTFORD* 


The critical needs of engineers and scientists for better access to the 
rapidly mounting volume of engineering and scientific publications are 
being studied by a science information service under the leadership of 
the National Science Foundation. James R. Killian, Jr., chairman of the 
President’s Scientific Advisory Committee has said: “The increasing di- 
mensions of world scientific publication has grown to the extent that it 
has become a problem requiring action at the national level.” He said, 
“Science and engineering are largely built on the published record of 
earlier work done throughout the world. There are for example 55,000 
journals appearing annually, containing about 1,200,000 articles of sig- 
nificance for some branch of research and engineering in the physical 
and life sciences. More than 60,000 different books are published annual- 
ly in these fields, and approximately 100,000 research reports remain 
outside the normal channels of publication and cataloging. Within this 
vast body of world-wide scientific information, published and unpub- 
lished, lie the technical data that scientists and engineers need to do 
their work. The situation is further complicated by the fact that a large 
and important proportion of the world’s scientific literature appears in 
languages unknown to the majority of American scientists and engineers 
—such as Russian and Japanese.” 


Nowadays engineering literature, like missiles, is directed on a world- 
wide basis. Furthermore the volume is such that, unlike conditions at 
the beginning of this century, every engineer needs an international 
index to keep abreast of the times. A good illustration proves the point. 
One of the founder engineering societies in 1911 held an annual meeting 
with a total of 14 papers—the same society at its 1958 annual meeting 
had 392 papers written by 656 authors, as some papers today are present- 
ed as a symposium, or prepared by two or more authors. Of the 392 
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papers only 165 will be published in full. Only 42 percent of the total 
papers presented before this important society meeting are made avail- 
able to the engineering public. Only 298 were preprinted. Those pre- 
printed are deposited in the Engineering Societies Library, and even- 
tually are listed in the society’s index of papers; but this index is 
not available until 18 months after some of the papers are presented, 
and then only those who consult that particular index may learn of their 
availability. Somewhat similar conditions exist regarding other national 
engineering societies. 


Indexing and abstracting 


The indexing of papers in the Engineering Societies Library is han- 
dled by Engineering Index, Inc., which is a nonprofit organization. Since 
1885 the Engineering Index has provided indexing and abstracting serv- 
ice to engineers and other specialists who must keep informed of tech- 
nological developments all over the world. 

Engineering Index employs a staff of qualified editors who review over 
1500 periodicals and society transactions, as well as a large number of 
bulletins and reports of government bureaus, schools, institutes, and re- 
search organizations. Publications in all branches of engineering and in 
all languages are reviewed. Articles which concern the application of 
engineering methods and concepts to any phase of the economy—and 
which are authoritative, informative, and useful—are abstracted. 

The abstracts are easy to use. For each article reviewed, the following 
information is printed on a 3 x 5 library card: (a) subject heading classi- 
fication, (b) title of article and name of author, (c) name and date of 
publication, and (d) brief summary of the article. Subscribers to indi- 
vidual divisions receive all pertinent abstracts once a week. Subscribers 
to the complete service receive their abstracts daily—about 30,000 a year. 

All publications reviewed are permanently filed in the Engineering 
Societies Library. The library—which is open to the public—supplies, 
at minimum cost, photoprints, microfilm, and translations of the com- 
plete text of any article abstracted by Engineering Index. 

Since the index covers all of engineering, its service is divided into 249 
“field of interest” divisions. The subscriber who wants information in 
certain areas only, may take only the divisions he needs. The “field of 
interest” classification is for the convenience of subscribers in ordering 
particular divisions. For filing purposes, however, the literature is class- 
ified according to a standard list of subject headings. This makes it 
relatively simple to incorporate the abstracts into most reference files. 
The complete list of subject headings is supplied free to “complete serv- 
ice” subscribers and may be purchased by others—both subscribers and 
nonsubscribers. 
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The cost of the index varies according to the volume of abstracts pre- 
pared from the special field in which the subscriber is interested. The 
literature abstracted originates in 44 countries, and is published in 22 
languages other than English. Time elapsing from the receipt of the 
publication until the abstract is distributed is reasonably brief. 

Engineering Index cards subsequently appear as a bound volume 
cumulating all of the references of the year. This volume, now in its 75th 
year, is an internationally accepted digest of technological literature 


prepared for engineers, research workers, and students. 





Bridges 


New prestressed concrete bridge across 
the Danube-canal and the Freudenau 
harbor at Vienna (Die neve Spann- 
betonbrucke uber den Donaukanal und 
den Hafen Freudenau in Wien) 


O. MERMon, 
schrift 
39-56 


Osterreichische Ingenieur-Zeit- 
(Vienna), V. 2, No. 2, Feb. 1959, pp. 


Reviewed by H. H. WERNER 


Describes the planning, layout, Dy- 
widag prestressing system, and free- 
cantilever construction method used 
for this bridge. 


Highway bridge foundation practice 
in Queensland 
I. G. Cameron, Journal, Institution of Engi- 
reers, Australia (Sydney), V. 31, No. 7-8, 
July-Aug. 1959, pp. 163-175 
AvuTHOR’s SUMMARY 
Deals with the design and construc- 
tion of foundations for short and medi- 
um span highway bridges. The struc- 
tural and economic’ considerations 
which enter into the choice of founda- 
tion type are discussed. Queensland 
streams differ from those in most other 
parts of the world in the great heights 
attained by the streams during flood. 
Flood heights of 80-90 ft. above normal 
water level have been recorded in a 
number of streams, and 45-50 ft flood 
rises are commonplace. Queensland 


streams also carry large quantities of 
debris which can cause severe trans- 
verse loading on the bridge. It is there- 
fore essential to design the majority of 
bridges as submersible structures. De- 
sign criteria and procedures for this 
type of structure are described. Meth- 
ods used by the Queensland Main 
Roads Department in the construction 
of bridge foundations are also described 
in some detail. 


Deck holes plague bridge, but con- 
sultants zero in on the trouble 
Engineering News-Record, V. 163, No. 21, 
Nov. 19, 1959, pp. 48-49 

This article points up the results of 
studies made to determine the cause 
of deterioration and the corrective 
measures for repairs on the deck of an 
8 year old bridge on the New Jersey 
Turnpike. The cost of repairs has been 
more than 60 percent of the initial cost 
of the deck. The findings are interest- 
ing. 

Cores tested at an average of only 
2500 psi. (Cylinders taken during place- 
ment tested at 3000 psi.) The concrete 
is more porous and less dense than 
anticipated. There are readily discern- 
ible variations in the appearance and 
texture of the concrete at different lo- 
cations. In many places the reinforc- 
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ing steel is closer to the surface than 
it should be. The cement content of 
all samples tested was greater than 
required by the specifications. Stone 
and sand met the requirements of the 
specifications. No correlation is evi- 
dent between variations in surface 
texture or appearance and the inci- 
dence of failure. 

The earliest and most severe fail- 
ures occurred at points where the bars 
were close to the surface (as little as 
¥% in. cover in places). The porosity of 
the concrete is blamed as a principal 
source of trouble. Almost invariably, 
slabs that were cast on warm, dry, 
windy days showed checked surfaces 
indicating that proper measures for 
hot weather concreting were not ta- 
ken. 


Corrective measures being taken in 
the repairs include increasing the slab 
thickness, increasing the protective 
cover for the reinforcement, fixing the 
position of the reinforcement, using 
extreme care in concrete control, im- 
proving methods for batch control, and 
taking special precautions to prevent 
rapid drying. 


Circular reinforced concrete columns 
subjected to direct stress and bending 


A. ANTHONY Toprac, Public Roads, V. 30, No. 
11, Dec. 1959, pp. 241-245 


AUTHOR’s SUMMARY 


Develops a procedure for designing 
eccentrically loaded round columns 
based on the American Association of 
State Highway Officials’ bridge speci- 
fications for allowable loads. 

The principal benefit of this article 
will be derived from the method out- 
lined in the text, which will assist 
bridge designers who may want to ex- 
pand the graphs presented or make 
similar graphs for different bridge col- 
umn sections. Plotted curves are given 
for a range of 24- to 60-in. diameter 
columns in 6-in. increments and for 
three quantities of reinforcing steel. 
In design problems for which the 
graphs are applicable, considerable te- 
dious work will be avoided. 
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Designing small span bridges 
Harotp F. SOMMERSCHIELD, Consulting Engi- 


neer, V. 12, No. 2, Feb. 1959, pp. 102-105 
Reviewed by Aron L. Mirsky 


and construction 
methods used for four small (nominal 
40 ft) span prestressed bridges in the 
Chicago area, to obtain a total deck 
cost of $8.00 per sq ft. Problem of re- 
ducing top tension in concrete was met 
by encasing (shielding) some of the 
strands in paper tubes near the sup- 
ports, thus meeting all requirements 
for use of thin box girders. 


Reports design 


Clifton Bridge, Nottingham: Initial de- 
sign studies and model tests 


Rosert M. Frncn and A. Go.pstetn, Proceed- 
ings, Institution of Civil Engineers (London), 
V. 12 (session 1958-59), Mar. 1959, pp. 289-316 


Clifton Bridge, Nottingham: Design and 
construction 
Rosert M. Fincn and A. Go.pster1n, Proceed- 
ings, Institution of Civil Engineers (London), 
V. 12 (session 1958-59), Mar. 1959, pp. 317-352 
Reviewed by Aron L. Mirsky 
Two interesting papers on an inter- 
esting structure.* Bridge, of pre- 
stressed concrete construction, crosses 
the River Trent on a 24 deg skew. The 
main span, 275 ft long, is composed of 
two 87.5 ft cantilevers and a 100 ft sus- 
pended span; there are also three 90 
ft viaduct spans and two 125 ft end 
spans, for an over-all length of 800 ft. 
Design problems included provision for 
floods, navigation, subsidence due to 
mining, utilities, nonsymmetry of deck 
(future construction will convert bridge 
to a dual-highway type, hence present 
structure provides for a 22 ft roadway, 
a 9 ft cycle track, and a 6 ft sidewalk), 
and the skew. Bridge was originally 
intended to be square, and was later 
made skew; design was thus on basis 
of a square structure, with modifica- 
tions due to skewing (authors conclude 
that a skew bridge of this nature should 
be avoided if possible and a square 
crossing substituted, but they make no 
*cf, The Engineer (London), V. 203, No. 
5289, June 7, 1957, pp. 872-873; “Current Re- 


views,” ACI Journat, V. 29, No. 7, Jan. 1958 
(Proceedings V. 54), p. 623 
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mention of what the traffic engineers’ 
reactions would be.) Aesthetics of 
structure were passed on by the Royal 
Fine Art Commission. Vibration char- 
acteristics of the slender structure were 
also investigated. 


Model tests were primarily to check 
analytically-obtained values of deflec- 
tions due to load and prestress and the 
effects of the skew. Correlations were 
good. Experimental setup is an excel- 
lent example of what can be accom- 
plished, given ingenuity, thought, and 
authority. 

Second paper covers substructure and 
superstructure design, with many 
sketches of details such as joints, and 
construction. Interestingly enough, the 
main-span cantilevers were construct- 
ed by the free-cantilever method. 


Construction 


Floor and roof systems 
Building Construction Illustrated, V. 28, No. 
5, Nov. 1959, pp. 30-55, 61 

A capsulized compilation of floor 
and roof systems currently available, 
covering such types as cast-in-place 
concrete, precast concrete joists, pre- 
cast-prestressed concrete, barrel vault 
lift slab, composite concrete and steel, 
concrete joist-filler tile, shoring and 
forming, and costs. 


The Phoenix-Rheinrohr skyscraper, 
Dusseldorf (Hochhaus Phoenix-Rhein- 
rohr, Dusseldorf) 
Die Bauzeitung (Stuttgart), V. 64, No. 5, 
May 1959, pp. 216 ff (also p. 192) 
Reviewed by Aron L. Mirsky 
This skyscraper, one of the few ex- 
amples of this type of structure so far 
built in Germany, is 84.50 x 22.94 m in 
plan and 105.32 m in over-all height 
(94.66 m above street level). Above 
ground, structure has a steel skeleton 
(floors are composite type); below 
ground level, the three-story founda- 
tion block is of reinforced concrete, 
and there is an underground garage, 
also of reinforced concrete, which is 
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structurally independent of the sky- 
scraper foundation; the two independ- 
ent structures are separated by an 80 
cm joint to accommodate possible diff- 
erential settlement. Because of the 
high ground-water table, the founda- 
tion blocks are encased in a water- 
proof “tub” of aluminum foil. Also of 
considerable interest is the design and 
detailing of the reinforcement in the 
column footings to take high wind- 
load uplift forces. 

Building is one of many new and 
interesting structures being built as 
part of “urban redevelopment” of 
Dusseldorf, which is the theme of this 
issue of Die Bauzeitung. 


Ordinary concrete meets tough spex 
Contractors and Engineers, V. 56, No. 8, Aug. 
1959, pp. 28-29 

Discusses the use of ordinary con- 
crete in the construction of a high-level 
radioisotope test cell in the Picker Re- 
search Center. This test cell is 6 ft 
square with 5% ft thick walls and 4 ft 
thick floor and ceiling and required 
300 cu yd of concrete which weighed 
more than 600 tons. Although high- 
density concrete and concrete blocks 
were considered, they were not em- 
ployed because of cost, density, uni- 
formity, etc. 

Three trial mixes were used before 
such problems as overheating, thermal 
cracking, shrinkage, and early set were 
eliminated. The final mix has a 28 day 
average strength of 5736 psi and 
weighed 155.4 lb per cu ft. 


Earthquakes—Construction inspection 


Earthquake Engineering Research Institute, 
San Francisco, 1959, 24 pp. 


This manual is intended to serve as 
a guide for inspectors and building 
officials in the field inspection of the 
construction of buildings and struc- 
tures which must resist the effects of 
earthquakes and which must be safe 
for occupants where earthquakes oc- 
cur. The manual is applicable for those 
areas and communities which have 
provisions for earthquake safety in 
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their building codes. The manual cov- 
ers inspection of the folowing struc- 
tural materials used in earthquake re- 
sistant construction: brick masonry, 
concrete and clay tile, hollow block 
masonry, structural gypsum, struc- 
tural wood, reinforced concrete, struc- 
tural and light gage steel, foundation 
beds. 


TVA builds a floating guard wall for 
new Wilson Lock 
Engineering News-Record, V. 163, No. 14, Oct. 
1, 1959, pp. 40-42, 44 

TVA is constructing a 553 ft long 
floating guard wall or boom as part 
of a new 100 ft long navigational lock. 
This lock, in turn, will be part of the 
new Wilson Dam on the Tennessee 
River. The boom is made of concrete 
and consists of six pontoons rigidly 
bolted together. The deck is 27 ft wide 
and 13 ft deep and the end will be 
anchored by using deadmen and se- 
curing cables. 


Construction of a large experiment 
tank at Haslar 


Joun W. Hunter, Artuur C. Lirrie, and Joun 
D. Hacon, Proceedings, Institution of Civil 
Engineers (London), V. 12 (Session 1958-59), 
Jan. 1959 pp. 57-82 

Reviewed by Aron L. Mirsky 


Built for the Admiralty, this covered 
concrete tank 400 x 200 x 18 ft is de- 
signed to permit testing of ship mod- 
els under simulated conditions of calm 
sea or waves. The site is just above 
high tide level; this and the founda- 
tion material, for which large settle- 
ments were predicted, led to the use 
of a “flexible” structure on piles, e.g., 
20 ft high walls act both as cantilev- 
ers and as slabs spanning between 
buttresses. Roof framing utilized weld- 
ed steel trusses of tubular material; 
details of these are also given. 


How close planning pays off on 2000- 
pupil high school project 
Building Construction Illustrated, V. 28, No. 
3, Sept. 1959, pp. 38-41 

Reviews the construction and design 
of a high school library. The architect 
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desired a concrete dome roof, cover- 
ing an area 80 ft in diameter, with an 
interesting shape. To obtain this end 
the engineer designed a roof consist- 
ing of 16 pie-shaped segments tied in- 
to ribs, each segment a portion of a 
cylinder. The paper further describes 
the contractor’s method of supplying 
the intricate formwork needed, and 
the problem encountered in placing 
the vast maze of reinforcing steel. 


Construction Techniques 


Barrel vauit lift slab at $2.70 psf 
Building Construction Illustrated, V. 28, No. 
3, Sept. 1959, pp. 44-45 

Describes in brief the erection of a 
five barrel vault roof, formed on the 
ground and then raised to its 13 ft 
height by hydraulic jacks. Each barrel 
is 85 ft long by 24 ft 4 in. wide and 
has a horizontal steel tie rod connect- 
ing the edges which compensates for 
the horizontal thrust thus enabling the 
structure to act as a flat slab. The to- 
tal cost of the roof was $2.70 per sq ft. 


Investigation of methods of preparing 
horizontal construction joints in con- 
crete 
W. O. Tynes, Technical Report No. 6-518, 
U. S. Army Engineer Waterways Experiment 
Station, July 1959, 28 pp., $0.50 
AvutTuHor’s SUMMARY 
A series of strength (shear, tensile, 
and flexural) and permeability tests 
were made using simulated interior 
mass concrete to evaluate methods of 
preparing horizontal construction 
joints. The results indicated that: thor- 
ough cleaning of the lower surface was 
essential to obtaining a strong joint; 
keeping surfaces wet for several hours 
prior to placing the new concrete ap- 
peared to decrease joint strength; 
placing mortar on the lower surface 
immediately before the fresh concrete 
was placed rather than placing con- 
crete on concrete appeared to decrease 
joint strength; leaving the texture of 
the lower surface rough so as to ob- 
tain the benefit of the mechanical key- 
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ing action of the larger aggregate par- 
ticles did not improve joint strength; 
no significant difference was noted in 
quality of the joints because of aggre- 
gate size; cleaning surfaces that had 
been treated with a retarder by water 
jet allowed for formation of joints su- 
perior to those formed by surfaces that 
had not been cleaned. The incomplete 
removal of the retarded layer of con- 
crete did not impair the integrity of 
the joint later made against it. 


Concrete wales brace circular cof- 
ferdam 
Engineering News-Record, V. 163, No. 15, Oct. 
8, 1959, pp. 36-38 

A circular cofferdam had to provide 
an inside clear space 101 ft in diameter 
to contain the structure housing the 
equipment for a new sewage pumping 
station. It was 64 ft from the top of 
the ground to the bottom of the rein- 
forced concrete structure. The con- 
tractor decided to use cast-in-place re- 
inforced concrete wales to brace the 
cofferdam. Steel sheet piling was driv- 
en next to an existing reinforced con- 
crete sewer that could not be disturbed. 
Then 65 ft long H-beam soldier beams 
were driven on 7-ft centers, around 
101 ft diameter circle. With a clamshell 
excavating inside this circle, timber 
lagging was sawed to 6.5 ft lengths and 
inserted against the face of the cut. As 
the hole got deeper, the thickness of 
the lagging increased. As the excava- 
tion attained the desired depths, the 
concrete wales, 3 ft wide by 2 ft thick, 
were cast in place on the ground at 
that level. Each ring contains about 75 
cu yd of concrete, is reinforced with 
four #6 bars in both the 2 ft deep in- 
side and outside faces and #4 bar 
stirrups at 6 ft center to center. The 
wales are held in position vertically by 
heavy reinforcing bars at a 45 deg an- 
gle, welded to alternate soldier beams. 
Felt was placed between the circular 
concrete wales and the outer flange of 
the soldier beams so that the soldier 
beams could be removed after back- 
filling around the reinforced concrete 
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pumping station structure had been 
completed. Wales were at depths of 17, 
27, 36, 39, 50, and 55 ft below ground 
elevation. The article also describes 
other construction procedures includ- 
ing method of cutting into the existing 
sewer. 


King-sized steel pans simplify deck 
forming 
Contractors and Engineers, V. 56, No. 8 Aug. 
1959, pp. 90-93 

Reports briefly on the use of 38 ft 
long deck pans for constructing a 
bridge on the Austin-San Antonio ex- 
pressway. These pans not only elimi- 
nate all falsework, as they rest on tim- 
bers bolted to the pier caps, but also 
greatly reduce time and cost of con- 
struction. 


Recent experience with the powder 
lance 
Concrete Construction, V. 4, No. 7, July 1959, 
pp. 12, 13 

Reports briefly on the use of a pow- 
der lance employed to cut up concrete 
structures to facilitate their removal. 
This lance, burning a mixture of alu- 
minum and iron powder in contact 
with pure oxygen, literally melts the 
concrete with a 6000 deg flame. 


Welding rebars on winter job saves 
money 


But Auten, Contractors and Engineers, V. 56, 
No. 10, Oct. 1959, pp. 68-70 


Describes protective measures taken 
for winter concreting of building foun- 
dation slabs 4 ft 9 in. thick for a group 
of cement silos. In places, the heavy 
#11 bars were crowded into the forms 
in five separate layers. The bars, often 
spaced less than 2 in. apart, had to be 
positioned accurately. Welding of the 
rods increased production enough to 
justify the additional cost of the weld- 
ing rod and the operation of two weld- 
ing machines. 

Before the concrete was placed, the 
wood forms were covered with tarps, 
and space heaters warmed up the steel 
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and forms to well above the freezing 
point. Preheated ready-mixed con- 
crete, with a 1 percent calcium chloride 
additive, was then bucketed to the 
forms. Shortly after the concrete was 
finished, glass fiber insulated concrete 
curing blankets were laid on the sur- 
face. While the blankets were in place, 
the temperature of the surface of the 
concrete never dropped below 75F. 
Normally, they were left on the con- 
crete for about 5 to 7 days. The insula- 
tion blankets stood the wear-and-tear 
of the construction job quite well and 
were re-used about ten times. 


Flame cuts slab in 1/3 time 
Construction Equipment, V. 20, No. 3, Nov. 
1959, p. 58 

Describes the removal of a rein- 
forced concrete slab, 325 ft long, 2 ft 
thick, and 15 ft wide, by cutting it 
into slices with a power-lance. The in- 
tense heat of the power-lance is pro- 
duced when a special mixture of iron 
and aluminum are combined with oxy- 
gen. The entire removal took 8 days 
which was only 4 of the time required 
by ordinary methods. 


Concrete—An art or a science? 
L. Boyp Mercer, Modern Concrete, V. 23, No. 
7, Nov. 1959, pp. 38-41 

A controversial article, the author’s 
views are based on the conclusion that 
the number of variables involved in 
concrete is too great for the effective 
application of mathematics to this con- 
struction material. He outlines the 
weaknesses of the cement-water ratio 
and accepts the opinion that no pre- 
cise mathematical relationship exists 
between the ratio of water to cement 
and the compression strength due to 
the many and frequently obscure vari- 
ables of cement manufacture. 


Inasmuch as an infinite number of 
aggregate gradings can have the same 
fineness modulus index, he feels that 
mix proportioning by the use of the 
fineness modulus cannot provide a 

With regards to concrete and the ma- 
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terials used in the batching, mixing, 
and testing, conditions are so exces- 
sively and irregularly variable that 
the accepted mathematical procedures 
for statistical control can have little 
direct application. He feels that tests 
mean only that the material in the 
structure should be capable of with- 
standing similar compressive stresses 
if compacted, cured, and tested in an 
identical manner and the safety factor 
must provide for the basic variable of 
cement quality, batching errors, mix- 
ing conditions and testing variables, 
variations in the placing of reinforce- 
ment, and errors in assumptions and 
theory of design procedure. 

Finally specifications must be real- 
istic and there must be complete co- 
operation and confidence between the 
specification writers and users. The 
author concludes that concrete produc- 
tion is an art and should be based on 
previous experience with adjustments 
made for variations in materials and 
conditions. 


Building winter resistance into con- 
crete 


Frep F. Barter, Concrete Construction, V. 
4, No. 11, Nov. 1959, pp. 7-8 


A summary of good practice to fol- 
low to improve resistance of concrete 
to severe weathering and to deicer 
salts. 


Form contraction joints with plastic 
strips 


Britt Auten, Contractors and Engineers, V. 56, 
No. 8, Aug. 1959, pp. 40-41 

Discusses the use of plastic strips for 
forming transverse contraction joints 
in the runways of a new Navy air base. 
These plastic strips which are placed 
in the fresh concrete by machine one 
day and removed by hand the next day 
give smooth walled joints which are 
then filled with sealing compound. 
They are easily extracted from the con- 
crete because of a removable V-shaped 
insert which allows the walls of the 
strip to collapse. They also need no 
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lubricating oil or coating of any kind 
and may be re-used an average of 25 
times. 


Sculpting with sprayed concrete 


Architectural Forum, V. 111, No. 4, Oct. 1959, 
pp. 167-168 


Brief description of “shelter sculp- 
ture.” Use of shotcrete on shaped re- 
inforcement backed with paper-backed 
mesh to form unique house and exhib- 
it pavilion. One completed example is 
pictured. 


Continuously moving framework in 
the construction of an 8000 ton ca- 
pacity grain storage silo 


D. M. Macee, 
Engineers of Ireland 
1957-May 1958, pp. 13-48 


Transactions, Institution of Civil 
(Dublin), V. 84, June 


Continuously moving slip forms were 
used in the construction of an 8000 ton 
capacity grain import silo. Because silo 
had to be close to the waterway and 
there was no land available, the silo 
was built on a pile foundation in the 
river bed. The essential features of a 
moving formwork construction are dis- 
cussed: wall forms, yokes, working 
deck, scaffolding, climbing bars, and 
jacks. In discussing the method of op- 
eration, author explains jacking rate, 
concreting, steel fixing, leveling of the 
forms, roof construction, and striking 
of panels. Summarizes general consid- 
erations and discusses apparent advan- 
tages of this system. Gives example for 
practical determination of a value for 
friction. 


Concreting problems and methods in 
hot climates 
D. P. Harris, The .*-'™ Concrete Re- 
view (London), V. 4, No. 2, June 1956, pp. 
95-106 and pp. 115-125; discussion pp. 106-114 
Reviewed by W1Lt1aAaM R. LORMAN 
Emphasizes the importance of cor- 
rect management (from the highest to 
the lowest levels) and high standards 
if concrete construction in the tropics 
is to be accomplished properly. 
Though short, this contribution elu- 
cidates on many practical factors in- 
cident to making concrete in tropical 
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areas such as western and eastern 
Africa and southern Burma. Included 
are personnel problems, characteristics 
of cement and aggregates, and climatic 
effects on construction methods. Four 
tables and 22 photographic illustra- 
tions (pp. 115-125) supplement the in- 
formation presented in the text. The 
discussion reflects the practical views 
of nine experts. 


Dams 


Design of Catagunya prestressed 
dam 
J. K. Wrxrns and J. Fipter, Civil Engineering 
Transactions, Institution of Engineers, Austra- 
lia (Sidney), V. CE 1, No. 2, Sept. 1959, pp. 
47-64 (including discussion) 
AvuTHORS’ SUMMARY 

Describes the factors leading to a de- 
cision to construct a prestressed con- 
crete dam 150 ft high on the River 
Derwent in Tasmania. Problems en- 
countered in the dissipation of the 
energy of flood waters are discussed. 
Details are given of the design criteria 
and stresses adopted and of model ex- 
periments carried out to assist in deter- 
mining the resistance of the foundation 
rock to pull out of the cables. The 
economies that can be achieved by pre- 
stressing are discussed and a rapid 
method of estimating the optimum dis- 
tribution of prestressing steel is given. 
The dam when completed will be the 
highest prestressed dam in the world 
designed from its inception on the 
Coyne system. Suggestions are made 
for further research. 


Design 


Frames and arches 
VALERIAN LeEontovicH, McGraw-Hill Book Co., 
Inc., New York, 1959, 472 pp., $20 

For the first time a solution for 
analysis of frames with members of 
variable cross section, based on the 
classical method, is presented in a con- 
venient practical form. All computa- 
tions with this method are confined to 
simple, short operations; the time re- 
quired for frame analysis is greatly 
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reduced. In addition to giving a new 
solution of frames with members of 
constant cross section, the book also 
provides comprehensive tables and 
graphs for a wide range of straight and 
curved members of variable cross sec- 
tion. In persenting 400 condensed solu- 
tions for 20 principal types of statically 
indeterminate frames and arches, the 
book furnishes a complete and invalu- 
able professional tool for solution of 
frames usually encountered in the en- 
gineering practice. Some of the ob- 
jects of this book are to provide a con- 
venient scientific tool for the analysis 
of arches and frames with members of 
variable cross section; to present these 
results in the form of equations which 
can be solved by a slide rule, still 
yielding sufficient accuracy in the re- 
sult; and to demonstrate the inherent 
precision and brevity of the elastic 
center method. 


The first part of the book covers 
arches and frames with members of 
constant cross section. The second part 
is devoted to similar structures with 
members of variable cross section. Ex- 
pressions for redundant quantities as 
well as the bending moment and shear- 
ing in axial forces at any section of the 
structure are provided in the text for 
many vertical and horizontal loading 
conditions. Solutions for complex struc- 
tures are presented in such a manner 
that only algebraic computations are 
required. In the appendix, numerical 
values of elastic parameters and load 
constants for straight and curved mem- 
bers of variable cross section are pro- 
vided in charts and tables. 


Analysis of curved girders 


H. H. Ficxert, Proceedings, ASCE, V. 85, ST 7, 
Sept. 1959, pp. 113-141 


AvutTHor’s SUMMARY 

Paper presents the derivation of in- 
fluence lines for bending and torsional 
moments and shears on horizontally 
curved girders. Solutions are given for 
simple and continuous spans. Diagrams 
are supplied showing the characteristic 
values of curved girders with constant 
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moments of inertia. The effects of vari- 
able moments of inertia and also of the 
elasticity of the torsional supports are 
discussed. 


Load distribution in concrete joist 
floors with cross-ribs (Zur Lastverteil- 
ung bei Rippendecken mit Querrip- 
pen) 


H. Metscut, Osterreichische Ingenieur-Zeit- 
schrift (Vienna), V No. 8, Aug. 1959, pp. 


291-294 
Reviewed by H. H. WERNER 


Analysis of load transfer of cross- 
ribs to adjacent joists. The general 
conclusion is that cross-ribs distribute 
concentrated loads fairly evenly over 
five joists. 


Analysis of concrete slabs on ground 

G. A. Leonarps and M. E. Harr, Proceedings, 
ASCE, V. 85, SM3, June 1959, pp. 35-58 

HicHway RESEARCH ABSTRACTS 

Sept. 1959 

A theory has been developed where- 
by the stresses, deflections, and degree 
of support can be computed for sym- 
metrically loaded circular slabs sub- 
ject to warping caused by ambient 
temperature and/or moisture gradi- 
ents. 

Comparison with available theories 
for fully supported slabs indicates that, 
for conventional slab sizes, the shape 
of the slab has only a minor influence 
on the critical stresses. 

The maximum equivalent tempera- 
ture differences between slab surfaces 
at which a warped slab can maintain 
full contact with its suport are much 
lower than those frequently encoun- 
tered in practice. 

Numerical solutions for the case of 
an unloaded slab (apart from _ its 
weight) with a free edge boundary 
were obtained with the aid of a digi- 
tal computer. Comparisons with avail- 
able measurements show, that for this 
case, the theory can reliably predict 
the deflections even if warping is suf- 
ficiently severe to result in a partially 
supported slab. 

The theory shows’ considerable 
promise as a useful tool for the analy- 
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sis of a number of problems concern- 
ing the behavior of concrete slabs on 
ground. Its general validity can be 
appraised by means of experiments in 
which temperature and moisture gradi- 
ents are carefully controlled, and re- 
liable, simultaneous measurements of 
the deflections, strains, and degree of 
support are obtained with reference to 
the initial unwarped condition. 


Structural frame analysis by electronic 
computer 
E. Licutroot and F. Sawxo, Engineering (Lon- 
don), V. 187, No. 4843, Jan. 2, 1959, pp. 18-20 
Reviewed by Aron L. Mirsky 
Generalized slope-deflection is ap- 
plied to the problem of grid frame- 
works, using electronic computers. 
Master program for computer is based 
on fact analyses for plane and grid 
frameworks are parallel, by this meth- 
od, and the basic generalized slope-de- 
flection equations are similar in the 
two cases. Torsion, members with diff- 
erent properties, and similar factors 
are easily accommodated in the pro- 
gram. Results of two numerical exam- 
ples are given, the first being checked 
against A. W. Hendry’s experimental 
(model) investigations (Hendry, A. W., 
and Jaeger, L. G., Journal, Institution 
of Civil Engineers, Dec. 1955, pp. 939- 
971; “Current Reviews”, ACI JourNAL, 
V. 28, No. 3, Sept. 1956 (Proceedings 
V. 53), p. 327) and the second, repre- 
senting a theoretical problem, being 
checked out statically. 


Seismic forces in buildings and struc- 
tures (in Russian) 


I. L. Korcurnsxi, Scientific and Technical 
Society of Construction in the U.S.S.R. (Mos- 
cow), 1959, 77 pp. 


Reviewed by E. Rosens.vuetu 

This manual is intended to justify 
new Russian provisions for aseismic 
design and explain their application 
through several examples. New provi- 
sions call for dynamic analysis. Design 
is based on envelope of natural modes, 
each scaled in accordance with a base 
shear coefficient that corresponds to 
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an acceleration spectrum which gives 
a constant ordinate for natural periods 
up to 0.3 sec and a hyperbola from 
there on, with a constant cut-off at a 
natural period of 1.5 sec. For masonry 
buildings whose dynamic analysis is 
not easy, it is licit to assume a trian- 
gular distribution of horizontal accel- 
erations, and a table of shear coeffi- 
cients is given for each story in terms 
of the number of stories. Correction 
factors are specified for structures hav- 
ing low energy absorption capacity. 
The manual includes approximate 
formulas and charts for numerous 
structures, such as chimneys and silos, 
which in some cases take into account 
foundation compliance. 

Derivation of the design spectrum is 
debatable, for it is assumed that each 
natural period responds to a single 
damped sine wave. However, ade- 
quacy of the design method is sub- 
stantiated by analysis of more than a 
dozen structures, most of them dam- 
aged by earthquakes, whose behavior 
checks well with the criteria specified. 
Manual includes a list of both Russian 
and Western references. 


Tie reinforcement (Estribos para armar) 
E. Rosenstvuetx and J. Lasorpe, Revista Inge- 
neria (Mexico), V. 29, No. 2, Apr. 1959, pp. 
is AvutTHors’ SUMMARY 

Authors propose limitations for spac- 
ing of stirrups and ties in beams, gird- 
ers, and columns where this reinforce- 
ment is not required for diagonal ten- 
sion. In beams and girders the spacing 
is governed by considerations of buck- 
ling or excessive deflection of the stir- 
rups due to load applied while placing 
concrete, excessive deflection of longi- 
tudinal reinforcement in the top layer, 
and vertical shrinkage reinforcement 
requirements. The loads assumed are 
based on measurements and observa- 
tions on numerous jobs. Stirrup capa- 
city in buckling was computed by 
secant formula and checked with field 
load tests. Percentage required for 
shrinkage and temperature changes is 
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made a function of the member’s di- 
mensions to check with established 
practice both in thin and massive mem- 
bers. In columns, tie spacing is gov- 
erned by buckling of longitudinal re- 
inforcement (which is a function of 
its yield point and of the angle sub- 
tended by the stirrup in each bent) 
and by shrinkage requirements. Paper 
includes tables (in metric units) di- 
rectly applicable to design. 


Practical computation of creep deflec- 
tion of reinforced concrete beams (in 
German) 
A. Hapet, Bautechnik (Berlin), V. 34, No. 2, 
pp. 64-66 
App.LiepD MECHANICS REVIEWS 
Nov. 1959 (Vasarhelyi) 
Presents a conventional computa- 
tional method for creep deflections of 
reinforced concrete beams. Graphs and 
tables provide for the selection of creep 
constants for various types of concretes 
and various’ reinforcement ratios 
(based on German specifications). 


Theory of live load in buildings (in 
Spanish) 


E. Rosensivuetu, Revista Ingenieria (Mexico), 
V. 29, No. 4, Oct. 1959 


AUTHOR’s SUMMARY 


Proof is offered that, for sufficiently 
large Joaded areas, the design unit 
live load is of the form w=w. (1+ 
cf/\/A), where w. depends only on 
the intended use of the floor consid- 
ered; c is a parameter depending on 
the shape of the influence surface as- 
sociated with the generalized stress 
for which one is designing; f (in units 
of length) depends on the intended use 
of the floor and on the allowable prob- 
ability of failure; and A is the loaded 
area. Several examples are considered, 
including statically determinate mem- 
bers, such as simply supported beams 
with overhangs (for which charts are 
provided), and elastic statically in- 
determinate members. The theory is 
generalized to limit design of beams 
and slabs. It is shown that c = 1.2 
covers most. practical applications. 
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Data of office buildings cited by J. F. 
Baker (The Steel Skeleton) substanti- 
ate the proposed formula for loaded 
areas as small as 10 sq ft in office 
buildings. Statistical study undertaken 
by the Institute of Engineering, Uni- 
versity of Mexico, to obtain quantita- 
tive information on parameters w,. and 
f, will be included in future paper. 


Reflections on grids with edge and in- 
terior girders having different stiff- 
nesses (Betrachtungen uber Trager- 
roste mit Steifigkeitsunterschieden 
zwischen Rand- und Innentragern) 
Konrap Sattier, Der Bauingenieur (Berlin), 
V. 34, No. 1, Jan. 1959, pp. 1-9; No. 2, Feb. 
1959, pp. 53-59 
Reviewed by Aron L. Mirsky 
Taking as a point of departure the 
results obtained by Guyon and Mas- 
sonnet for the case of edge and interi- 
or girders of identical stiffness (I, = 
I.) [cf, author’s paper in title source, 
V. 30, No. 3, Mar. 1955, pp. 77-89; “Cur- 
rent Reviews,” ACI JOURNAL, V. 28, 
No. 6, Dec. 1956 (Proceedings V. 53), 
pp. 612-613], and using a combination 
of symmetric and antisymmetric com- 
ponents to obtain the case I, # Im, 
author develops an approximate meth- 
od for solution of grids with various 
numbers of girders and with and with- 
out torsional resistance. Major portion 
of paper is devoted to numerical ex- 
amples, 12 in all. 


Hinges in structures (Les rotules dans 
les structures) 
Micnet NorManpin, L’Ingenieur (Montreal), 
V. 45, No. 178, Summer (June) 1959, pp. 29- 
ane Reviewed by Aron L. Mirsky 
The term “hinges” here refers to 
points of zero moment in hyperstatic 
structures. For the relatively simple 
case of uniformly distributed loads 
covering entire spans, author develops 
formulas relating the positions of the 
points of zero moments, the ratio of 
dead and live loads, the ratio of maxi- 
mum and minimum moments, and the 
span lengths. These formulas can then 
be used to determine span lengths 
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which will yield, say, equal positive 
and negative moments, when given the 
total length of the structure and the 
number of spans desired. Two major 
cases are investigated: two unequal 
spans, and several unequal spans, with 
the latter case being treated more fully 
for structures of three and four spans. 
Numerical examples are given. 


Contribution to the analysis of elastic 
and plastic deflections of reinforced 
concrete beams with mild-steel rein- 
forcement (Ein Beitrag zur Berechnung 
der elastischen und plastischen Durch- 
biegungen schlaff bewehrter Stahl- 
betonbalken) 


A. Menumet, Der Bauingenieur 
34, No. 1, Jan. 1959, pp. 9-12 
Reviewed by Aron L. Mirsky 


(Berlin), V 


Develops expressions for and curves 
of correction factors, with effects of 
shrinkage and creep included (but 
with E considered to be unaffected by 
time), to be applied to evaluations of 
beam deflection per German standard 
DIN 1045. Author notes that a limiting 
value for total deflection, for inclusion 
in specifications, is still to be devel- 
oped. Numerical example is included. 


Buckling analysis of reinforced con- 
crete frame structures 


L. PALotas, 
Technical 
13-27 


Scientific 


Publication of the 
University 


(Budapest), 1957, pp. 


AppLiep MECHANICS REVIEWS 

Nov. 1959 (Goldberg) 

Presents three approximate methods 
for determining critical loads of rigid- 
jointed frames with particular refer- 
ence to frames of reinforced concrete. 
In the first method rotational end 
restraints provided for critical mem- 
bers by adjoining members are esti- 
mated in terms of flexural stiffnesses 
and carry-over factors of these mem- 
bers. Effective length of critical mem- 
ber is then calculated approximately 
through use of the end-restraint fac- 
tors. The second method considers en- 
tire frame and requires computation 
of transverse displacement resulting 
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unit lateral load. Unit lateral 
load is applied at joint if sidesway is 
assumed to be involved in buckling 
mode, or at or near point of maximum 
deflection of critical member if side- 
sway is not involved. The deflection 
due to unit load is also computed as- 
suming that joints are locked against 
rotation. Since effective length is 
known in the latter case, comparison 
of lateral displacements in two cases 
provides means of estimating effective 
length in actual case. 

In the third method, approximate 
buckling mode of frame is obtained by 
starting with a system of hinged bars, 
then restoring continuity. Critical load- 
ing corresponding to approximate 
mode is calculated by application of 
energy method. 


from 


Design of slabs for rectangular tanks 
G. P. Manntinc, Concrete and Constructional 
Engineering (London), V. 54, No. 8, Aug. 
1959, pp. 279-282 

Presents charts to aid in the design 
of walls and bottoms of rectangular 
containers of liquids and which can be 
used when the bending moment causes 
tension in the face in contact with the 
liquid. The requirements and stresses 
are in accordance with proposals for 
a British Standard Code for such struc- 
tures. 


Analytical investigation on the effect 
of the rigidity of the boundary on the 
stresses all over the crossing beams of 
panelled floors 
A. K. Lasts, Bulletin, Faculty of Engineering, 
Cairo University (Giza), 1956-1957, pp. 69-80 
Every beam in a paneled floor is li- 
able to different stresses according to 
its position in the layout. The rigidity 
of the boundary has an enormous ef- 
fect on the distribution of stresses over 
the different beams. This paper aims 
to relate the rigidity of the boundary 
with that of the crossing beams such 
that the beams will be liable to the 
same stresses regardless of their posi- 
tion in the layout. This enables using 
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the same cross section for all beams 
to satisfy the architectural point of 
view while satisfying the economical 
point of view. 

Three different methods are applied 
to find the stress distribution over the 
structure; all are based on the elastic 
theory. By the first, the indeterminate 
structure is solved by satisfying deflec- 
tion conditions. By the second, the 
problem is solved by influence coeffi- 
cients. By the third, the similarity of 
paneled floors with flat slabs is taken 
into consideration and the usual em- 
pirical formulas of flat slabs are ap- 
plied to the problem. Practically the 
same results are obtained by the three 
methods. 

The first method is then applied, 
varying the rigidity of the bounding 
girders, watching its effect on the 
stress distribution, and finding out the 
appropriate rigidity at which all the 
crossing beams are subject to the same 
stresses. 


Design of corner columns 
R. J. Bartiert, Concrete and Constructional 
Engineering (London), V. 54, No. 9, Sept. 
1959, pp. 293-301 

Applies load-factor method to cor- 
ner columns subjected to axial load 
and bending in two directions, usually 
at right angles. The solution gives diff- 
erent amounts of steel at each corner 
of a rectangular section. However, 
member will not be weakened if there 
is additional steel at one or more cor- 
ners to achieve symmetry or to allow 
for more than one condition of loads. 
Results are not claimed to be exact 
but are judged to be reasonable. 


Ultimate strength of long reinforced 
concrete columns eccentrically loaded 
W.S. Hanna, M. Baxnoum, and L. Rrap, Bulle- 
tin, Faculty of Engineering, Cairo University 
(Giza), 1956-1957, pp. 33-67 

An extension to a previous paper 
(Bulletin, 1954) by the authors en- 
titled “Axial and Eccentric Buckling 
with Special Application to Reinforced 
Concrete.” That paper developed 
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methods for the determination of 
stresses under a given load; the meth- 
ods were verified experimentally. 

In the present investigation three 
methods were developed for the deter- 
mination of the ultimate capacity of 
eccentrically loaded long columns. 
The methods are applicable for homo- 
genous elastic materials as well as for 
reinforced concrete. 

The first method depends on a the- 
oretical analysis that uses as accurate 
assumptions as is practicable. The sec- 
ond method is based on an approxi- 
mate formula which gives the deflec- 
tion of the eccentrically loaded column 
as a function of the original deflection 
and the ultimate strength of the mem- 
ber when axially loaded. The third 
method is a practical approach which 
is based on simplified approximate as- 
sumptions. 

The investigation is preceded by a 
limited study for the case of axially 
loaded long columns which is used as 
a basis for the second method, and a 
proposed solution is presented. 


Design of helical staircases—Statically 
indeterminate cases 


Jacquts S. Conen, Concrete and Construction- 
al Engineering (London), V. 54, No. 6-9: June 
1959, pp. 197-204; July 1959, pp. 249-256; Aug. 
1959, pp. 283-288; Sept. 1959, pp. 313-321 

States general equations for equilib- 
rium, deformation, and angular rota- 
tion for use in design of statically in- 
determinate helical staircases. Exam- 
ples show how the complex equations 
are applied to design problems. 


On analysis of built-up slabs 
K. K. Banersee and M. M. Basote, Journal of 
Technology, “Se Engineering College (Cal- 
cutta), V. 3, No. 2, Dec. 1958, pp. 119-136 
Built-up slabs are considered to be 
jointed, precast concrete units form- 
ing a slab with simple tongue-and- 
groove or mortar keys for joining the 
units. The authors have used Fourier’s 
series to solve the problem in which 
joints between units carry no trans- 
verse moment but the distribution of 
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load is affected by transference of 
shear across the joints. The deflections 
of any two units at their common joint 
are the same and a set of simultaneous 
equations are developed and solved to 
provide the answers for deflection, 
moment, and shear. 

Experimental values for moment and 
deflection obtained in this paper com- 
pare well with the calculated values 
or the evaluation of which two or three 
terms only of the series have been 
used. 


Proceedings of the second symposium 
on concrete shell roof construction, 
1957 
Teknisk Ukeblad, Oslo; Claude Gill Books 
Ltd., London; 1958, 382 pp., £5 
Tue STRUCTURAL ENGINEER 
Apr. 1959 
The proceedings are divided into 
four sections: (1) recent notable shell 
structure designs—nine papers de- 
scribing structures developed in Eu- 
rope and America; (2) new trends in 
shell design, containing 16 papers on 
different types of shells and special 
design problems; (3) shell research, 
containing five papers on testing, etc.; 
and (4) two papers on prestressed and 
precast shells. Discussions and an eval- 
uation of the results of the symposium 
are also included in the volume. 


Influence lines for continuous beams 


Kerry S. Havner and Jan J. Tuma, Publi- 
cation No. 106, Oklahoma Engineering Ex- 
periment Station, Sept. 1959, 50 pp. $1.50 
AvuTHORS’ SUMMARY 
The application of the algebraic 
carry-over moment method to the anal- 
ysis of multispan continuous beams of 
constant or variable cross section is 
presented. The general three-moment 
equation is the mathematical model 
used and the infinite, convergent, geo- 
metric series the means of solution. 
The derivation of the three-moment 
equation for beams of variable section, 
the theory of algebraic carry-over pro- 
cedure, and the derivation of moment 
influence coefficients in algebraic form 
are shown in Chapters 1 and 2. Nu- 
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merical examples illustrating the ap- 
plication of these influence coefficients 
are included in Chapter 3. The appen- 
dix contains two sets of moment in- 
fluence tables which are especially 
suitable for the analysis of continuous 
beam bridges. 


Problem of the carrying capacity of 
light reinforced-concrete structures 
when crack formation takes place 
(in Russian) 
V. K. Batavapce, Soobshcheniya Akademii 
Nank Gruzin SSR (Tiflis, USSR), V. 17, No. 8, 
1956, pp. 737-744 
AppLiep MECHANICS REVIEWS 
June 1959 
Reports on the use of an empirical 
formulas for determining the limits of 
crack width in ferro-concrete struc- 
tures. Formula involves the relation 
between rod diameter and distance be- 
tween rods. 


Statically indeterminate structures — 
approximate analysis of deflected 
structures and lateral load analysis 


J. R. Bensamin, Civil Engineering Series, Mc- 
Graw-Hill Book Co., Inc., New York, 350 pp., 


Reviewed by J. J. PoLtvKa 


This book is of great value both as 
a textbook and guide in engineering 
practice. It is largely concerned with 
the approximate analysis of statically 
indeterminate structures. In Chapter 1 
the author emphasizes the fact that all 
structural analyses and designs are ap- 
proximate, due to many assumptions 
which in reality do not comply with 
actual conditions. Often assumed di- 
mensions, which are so important for 
statically indeterminate structures, 
must be changed in accordance with 
the results of the first analytical pro- 
cedure, so the initial approximate an- 
alysis saves considerable time. 

Chapter 2 reviews structural me- 
chanics, i.e., statical indeterminacy, 
deformations, preliminary deformation 
models, and elastic and plastic behavior. 
Chapters 3, 4, 5, and 8 thoroughly dis- 
cuss analytical procedures under verti- 
cal loads, and the effects of lateral] 
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loads are covered in Chapters 6 and 7, 
also in which rigid frame structures 
and shear-wall structures are studied. 
Chapter 8 presents approximate analy- 
sis of miscellaneous structures like 
bents, bents with sloping and inclined 
members, gabled bents, and arches. 
Chapters 9 and 10 deal with some as- 
pects of the philosophy of structural 
engineering, emphasizing the relation- 
ships between analysis and design. Of 
special interest to students and engi- 
neers are methods of checking the 
analyses, which many books overlook 
or only superficially mention. Chapters 
are amply illustrated, explained by 
numerical examples, contain problems 
to be solved by the readers, and in- 
cludes important references. Reviewer 
believes that attention should be given 
to some time-saving analytical methods. 


Computation of continuous beams 
with constant moment of inertia in 
each span with the help of Anger’s 
tables (in German) 
G. Wouter, Bautechnik, V. 35, No. 5, May 1958, 
pp. 182-186 
Reviewed by J. J. PottvKa 

Anger’s tables, in V. 3 of his book 
“Zehnteilige Einflusslinien”, are calcu- 
lated for various ratios of moments of 
inertia i= I./I, and of spans m = L,/L 
in which ratios the n refers to indi- 
vidual spans and c to one characteristic 
span (either to equal end spans or to 
any span of the continuous beam as- 
sumed to be constant). The product of 
these coefficients is designated k = mi. 
Tables are calculated for so-called 
“elastic spans” L, — kL., assuming 
L, = L. (actual span). Author dis- 
cusses these relations and proves that 
Anger’s tables are correct for approxi- 
mately equal coefficients k of all spans 
and for concentrated loads. Resulting 
moments at the supports are to be 
multiplied by I,/I.. Main object of the 
article is to introduce a method for 
using Anger’s tables with sufficient 
accuracy for any type of loading or 
influence lines. 
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Prediction of temperature rise in 
fire testing of walls and partitions 


R. H. Netset, ASTM Bulletin, No. 239, July, 
1959, pp. 63-65 


Empirical formulas have been devel- 
oped whereby the fire rating of wall 
panels may be predicted from the 
thickness, density, and thermal con- 
ductivity of the wall material or ma- 
terials. The prediction relates only to 
the temperature-rise rating and not to 
structural integrity, which is primarily 
a function of the method of assembly. 
Method of prediction is applicable to 
a wide range of materials. 


Materials 


On the fineness and even size distri- 
bution of a ground material (Uber die 
Feinheit und Gleichmassigkeit eines 
Mahligutes) 
A. Kwyescuxe, VDI Zeitschrift (Dusseldorf), 
V. 101, No. 11, Apr. 11, 1959, pp. 413-418 
Reviewed by Aron L. Mirsky 
Mathematical study, utilizing the 
residual function. Formulas derived 
are stated to apply to any material 
which can be ground and are particu- 
larly applicable to Rosin-Rammler ma- 
terials. 


Petrography of cement and concrete 


L. S. Brown, Journal, Research and Develop- 
ment Laboratories, Portland Cement Associa- 


tion, V. 1, No. 3, Sept. 1959, pp. 23-34 


AvuTHorR’s SUMMARY 

Conventional petrography has devel- 
oped as a technique for the study of 
rocks, mostly by viewing thin sections 
under a light-polarizing microscope. 
The technique has served well in eluci- 
dation of mineral composition, struc- 
ture, origin, and history of natural 
rocks. In application to study of port- 
land cement and clinker, certain unique 
features of the material have made 
necessary extensive supplement by the 
metallographic micrescope and study 
of polished sections. In combination 
with this advantage, the technique of 
thin sections has been superseded 
largely by the easier preparation of 
powder mounts. Application to prob- 





CURRENT 


lems of concrete has required further 
broadening of the technique. The stere- 
oscopic binocular is found to be the 
generally more useful and informative 
microscope, with aid of the petrographic 
and metallographic microscopes where 
higher magnification is specifically re- 
quired. The amplified technique has 
proven of great advantage in working 
out problems in cement and concrete. 


Rheology of disperse systems 


Cc. C. Muu (Editor), Pergamon Press, 


Inc., 
New York, 1959, 224 pp., $9.50 


Contains the proceedings of a con- 
ference sponsored by the British So- 
ciety of Rheology. The papers fall into 
two groups. In one, the dispersions 
studied were dilute or composed of 
noninteracting particles and experi- 
ments were designed to test hydro- 
dynamic theory. In the other group, 
concentrated suspensions as used in- 
dustrially, mainly in various forms of 
surface coating, were studied with the 
object of relating performance to rhe- 
ological properties. This book will be 
of some interest to cement chemists. 


Effect of hydraulic additives on the 
kinetics of sulfate accumulations 
and corrosion processes in cements 


YU. T. Tasuputatov and F. L. Giexet, Zhurnal 
— Khimii, V. 28, No. 8, 1955, pp. 822- 


CERAMIC ABSTRACTS 

Sept. 1959 (Palmeri) 

Recent investigation of cements and 
clays shows that, contrary to former 
belief, hydraulic admixtures may be 
used to obtain sulfate-resistant cements. 
Formerly, one of the chief objections 
to the application of these mixtures 
was the formation of additional quanti- 
ties of sulfoaluminates during cement 
hardening processes by the reaction of 
“active” alumina clays. The authors 
studied the kinetics of sulfate accumu- 
lations in portland cements containing 
admixtures, and the effect of these fac- 
tors was observed when specimens were 
treated in solutions of different SO, 
concentration. The ‘composition of se- 
lected specimens was SiO,.21.2,A1.0,5.86, 
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Fe.0;3.59, CaO 66.40, MgO 1.62, and 
So;1.33 percent; 20 to 40 percent mix- 
tures of clay were added (obtained 
from kaolin and tripoli calcined at 800 
deg), the composition of which was 
SiO.60.19, Al,O;26.48, Fe,O0,0.95, Ti0.0.52, 
CaO 1.80, MgO 0.94, and SO, 0.14 per- 
cent. The specimens were hardened in 
water and 5 to 15 percent solutions of 
Na.SO,, and corrosion processes were 
studied during storage periods of 14 
days to 1 year. Cements containing 20 
and 40 percent admixtures of kaolin 
formed approximately 1.5 to 2 times 
more sulfoaluminate crystals than ce- 
ments of the same composition con- 
taining 20 and 40 percent tripoli. There 
were definite indications of reactions 
of “active” alumina clays and the for- 
mation of additional quantities of sulfo- 
aluminates. Final GOST-49 tests on 
hydro-industrial concrete prove that 
the addition of 50 percent mixtures of 
clays (kaolin or tripoli) to portland 
cement containing 9 percent tricalcium 
aluminate gives improved cement that 
has high resistance to sulfates and is 
free from concentrations of H.SO,. The 
failure of portland cement without these 
admixtures was caused by the forma- 
tion of sulfoaluminates and crystals of 
CaSO,:-2H.0. 


Relationship between strength and 
granulometric composition of cements, 
as based on statistical investigations 
(Zusammenenhang zwischen Festig- 
keit und Kornnaufbau von Zementen 
auf Grund statischer Unterschungen) 
H. Gesetern, Zement-Kalk-Gips (Wiesbaden), 
V. 12, No. 9, Sept. 1959, pp. 423-429 
AvuTHOR’s SUMMARY 
In air separation tests with two diff- 
erent initial cements, 48 different 
classification products with character- 
istic differences in grading were ob- 
tained. Statistical investigations of the 
results for these 48 cements yielded an 
empirical formula for the relationship 
between fine particles (< 10 u), medi- 
um sized particles (10-40 wu), and 
coarse particles (>40 wu) and the 
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Blaine value. Strength tests with some 
of these cements furthermore showed 
how the strengths are related to the 
various particle size fractions, to the 
Blaine values, and also to the gypsum 
content. 


A new method for accelerated testing 
of portland cements in respect to their 
strength development (Eine neve 
Methode zur beschleunigten Prufung 
der Portlandzemente auf ihre Festig- 
keitsentwicklung) 
E. BRANDENBERGER, Zement-Kalk-Gips (Wies- 
baden), V. 12, No. 9, Sept. 1959, pp. 385-392 
Reviewed by H. H. WERNER 

Conditions for accelerating hydro- 
thermal hardening of standard mortar 
prisms in an autoclave were ascer- 
tained, yielding comparative compres- 
sive strengths within +10 percent, and 
almost certainly within +20 percent, 
of the standard 28-day strengths. This 
provides a simple strength prognosis 
within 36 hr and the method has been 
in current use in the Swiss Federal 
Laboratories. 

In joint investigation with seven oth- 
er laboratories it proved to be readily 
reproduceable and fully satisfactory in 
more than 3000 cases. Exhaustive tests 
on experimental, “abnormal” cements 
were carried out to ascertain the va- 
lidity of the new method. 


The effect of additives on the corro- 
sion behavior of steel in concrete (Die 
Auswirkung von Betonzusatzmitteln 
auf das Korrosionsverhalten von Stahl 
in Beton) 


A. Baume.t, Zement-Kalk-Gips (Wiesbaden), 
V. 12, No. 7, July 1959, pp. 294-305 
Reviewed by H. H. Werner 
From current-voltage curves derived 
from electrodes embedded in concrete 
it can be inferred whether steel in con- 
crete is liable to corrode. Twelve com- 
mercial additives investigated showed 
that only fairly large quantities of 
chloride additives have adverse effects. 
Current density-time curves with con- 
stant voltage are also suitable for in- 
vestigation of corrosion characteristics. 
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Satisfactory and lasting corrosion 
protection is insured only by a com- 
plete cement-gel coating of the steel 
which provides a constant alkaline 
film of liquid on the steel surface, thus 
keeping the steel passive. An adequate 
cover of dense concrete is required, in 
turn, to protect the cement gel at the 
steel from external chemical or me- 
chanical destruction. 

The current-voltage curves can es- 
tablish whether the steel in concrete 
is entirely passive or not and thereby 
provide a means of deciding whether 
stress corrosion is liable to occur. 


Testing corrosion danger of steel re- 
inforcement due to admixtures in con- 
crete (Die Prufung der Korrosions- 
gefahrdung von Stahlarmierungen 
durch Betonzusatzmittel) 
H. Kagescue, Zement-Kalk-Gips (Wiesbaden), 
V. 12, No. 7, July 1959, pp. 289-294 
AvuTHOR’s SUMMARY 

Under normal circumstances steel 
reinforcement in wet concrete is well 
protected from corrosion by a thin 
film of oxide (passive layer). There 
are, however, chemical compounds, 
especially calcium chloride, which de- 
stroy this protective layer and which 
may give rise to serious corrosion of 
the reinforcement. In the case of pre- 
stressed concrete structures, in partic- 
ular, care must be taken to ensure 
that no aggressive compounds are in- 
troduced by the use of unsuitable ad- 
mixtures, inasmuch as the corrosion 
of prestressing wires may assume the 
dangerous form of stress corrosion. 

The existence of a stable passive 
layer around reinforcing bars can be 
demonstrated with the aid of current- 
voltage curves for steel bars embedded 
in concrete cylinders and exposed to 
the action of lime milk. The method is 
suitable for testing the aggressiveness 
of admixtures of unknown composi- 
tion. A testing procedure which has 
been developed for carrying out rou- 
tine measurements: of this kind is de- 
scribed. 
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Curing of mortar with infrared rays 
(in Japanese) 
Axrra SAKAMURA and GoseKkI YAMAMOTO, Se- 
mento Gijutsu Nenpo, V. 12, 1958, pp. 124-28 
CERAMIC ABSTRACTS 
Sept. 1959 (Suzukawa) 
The effect of initial curing at 60, 80, 
and 100C, for 1 to 3 hr in a room with 
an infrared lamp on the strength de- 
velopment of mortar was tested. The 
specimens cured at 60°C, at the age of 
less than 2 hr after molding showed a 
high strength. It is desirable to prevent 
the loss of H.O during irradiation with 
infrared rays by covering the mold 
with a glass plate. 


Study of the utilization of fly ash 
in building 
P. Brzaxovic, Nase or agerinerete (Belgrade). 
V. 13; Part i, No. 2, Feb. 1959; Part 2, No 
Mar. 1959, pp. 42- 47 Part 3, No. 4, Apr. {959° 
re Reviewed by J. J. PottvKa 
Presents a thorough description of all 
characteristic properties of fly ash in 
cement and lime mixtures, especially 
those used for the production of light- 
weight concrete. A relatively unknown 
fact mentioned is that the Yugoslav 
lignites have similar chemical proper- 
ties as other European anthracite coals. 
Pozzolanic effects and the influence of 
different factors, such as fineness, car- 
bon content, and water-cement ratio 
are discussed in Part 2. Characteristics 
of concrete made with fly ash, such as 
its influence on strength, resistance to 
weather conditions, especially to frost 
and corrosion, are discussed. The study 
includes shrinkage, heat of hydration, 
alkali-reaction, and waterproofing of 
these concretes. Part 3 refers primarily 
to lightweight concrete manufactured 
in Yugoslavia, especially those utilizing 
fly ash from the power station in Kos- 
tolac, Serbia. It is emphasized that this 
fly ash, obtained by combustion of 
lignite, has similar properties to Euro- 
pean anthracite coals. Investigation of 
lightweight concrete using this type 
of fly ash shows that good quality can 
be obtained from a mixture of 70 per- 
cent fly ash and 30 percent of cement 
lime. Such concrete weighs 71 to 82 lb 
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per sq ft after treatment in the vacu- 
um press. Insulation properties are 
about the same as lightweight concretes 
with light aggregates. 


Styropor concrete (Styropor-Beton) 
H. E1cx, Zement-Kalk-Gips (Wiesbaden), V 
12, No. 6, June 1959, pp. 253-257 
Reviewed by H. H. WERNER 

Foamed polystyrene was investigat- 
ed with regard to its suitability as a 
lightweight aggregate. It was found 
that foaming of polystyrene can most 
conveniently be effected in boiling wa- 
ter which results in a dry bulk densi- 
ty of 17 kg per cu m (1.06 lb per cu ft). 

Test series using neat cement and 
cement and sand were made to es- 
tablish mixing qualities, densities, 
strengths, absorption, and conductivi- 
ty. Two suitable mixes are formulated 
and full-scale tests made, establishing 
the possibility to use Styropor concrete 
for insulating blocks and planks. 


Water-retardant qualities of exter- 
nal coatings 


I. Soroxa, ASTM Bulletin, No. 240, Sept. 1959, 
pp. 40-45 


Tests were carried out to develop a 
procedure for the comparative rating 
of water-retardant qualities of external 
coatings under laboratory conditions. 
Thirteen coatings of different makes 
were tested using a modified chimney 
method under constant pressure, equiv- 
alent to 100 mm head of water. Coat- 
ings were applied to sand-lime bricks 
and the amount of water penetration 
was recorded daily for periods up to 23 
days. Procedure was repeated twice for 
each specimen, before and after appli- 
cation of the coating. Comparative rat- 
ing was based on performance’s de- 
pendence on the properties of the un- 
treated specimens, as well as on its 
retardant qualities indicated by keep- 
ing penetration below a certain level . 

The article discusses three general 
groups of existing test methods—arti- 
ficial rain method, flat immersion 
method, and the chimney method—then 
describes this proposed test procedure 
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with results and evaluations. This pro- 
posed procedure apparently gives a re- 
liable means of comparative rating of 
the water-retardant qualities of ex- 
ternal coatings, based on the actual 
reduction of water penetration. The 
results indicate the higher quality of 
silicone coatings in gasoline solutions. 
Sodium silicate solution was the poor- 
est water-retardant coating tested. 


Heavy-media separation passes the 
test 
Contractors and Engineers, V. 56, No. 6, June 
1959, pp. 60-63 

Describes the general process and 
procedure followed in providing the 
Glen Canyon Dam with the required 
800 tons per hr of clean concrete ag- 
gregates. Tells in particular why heavy- 
media separation was used. 


Foam concrete in construction (in 
Rumanian) 
F. Catinescu and N. Stanescu, Constructiilor 
si a Materialelor de Constructii (Bucharest), 
V. 1, No. 12, Dec. 1958, pp. 607-613 
Reviewed by J. J. PottvKa 
Thoroughly reviews experiments, 
studies, and applications of foam con- 
crete precast structural units cured by 
steam or treated in autoclaves at 8 
atmospheres pressure. Also describes 
structures cast on the site and cured 
in the usual way. 


Studies of calcium sulfoaluminate ad- 
mixtures for expansive cements 


A. Kuern and G. E. TRoOxELL, 
ASTM, V. 58, 1958, pp. 986-1008 
AvutTHors’ SUMMARY 


Proceedings, 


Various clinkers of theoretical cal- 
cium sulfoaluminate composition were 
produced and then studied by chemical 
analyses, differential thermal and x- 
ray analyses, and petrographic exam- 
inations to determine their compound 
composition. It was established that 
the raw materials did form a new com- 
pound not precisely identified, but 
which most likely was an anhydrous 
calcium sulfoaluminate. 

A clinker burned at 2480F, when 
ground and blended with slag and 
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portland cement and used in 1:2.75 
graded Ottawa sand mortars, cured 6 
days in water and then dried in air 
120 days developed final net expan- 
sions which ranged from 450 to 1800 
millionths per unit. For a correspond- 
ing clinker burned at 2550 F, the final 
net expansions ranged from 5000 to 
10,000 millionths per unit. In each case 
the coarser admixture showed the 
greatest net expansion. Somewhat 
smaller expansions in concrete may be 
sufficient for the “self stressing” of 
prestressed concrete. 

The compressive strengths devel- 
oped by some of the sulfoaluminate 
expansive cements were satisfactory 
for structural concrete. 


Setting and hardening of hydraulic 
materials. |—Setting and hardening of 
Paris plaster 


I. Naray-Szaso and G. Szux, Acta Technica, 
Academiae Scientiarum Hungaricae (Buda- 
pest), V. 22, No. 1-2, 1958, pp. 67-82 


Setting and hardening of hydraulic 
materials. 1I—Conductometric analysis 
of setting of cement paste under iso- 
thermic conditions 


G. Szux and I. Naray-Szaso, Acta Technica, 
Academiae Scientiarum Hungaricae (Buda- 
pest), V. 22, No. 1-2, 1958, pp. 83-100 

Reports on studies of the setting and 
hardening of portland cement and oth- 
er hydraulic materials. The first report 
is concerned with an investigation of 
gypsum pastes of different water con- 
tent. 

Investigations into the setting of 
different cements, with a conducto- 
metric method, reported in Part II, 
showed the existence of three pro- 
nounced minima in the resistance-time 
curves of cement pastes. The tempera- 
ture of cement paste in cubic Vinidur 
cells of 2 cm edge and immersed in an 
ultrathermostat of 20,000 + 0.001 C has 
been measured against time. The sec- 
ond resistance minimum seems to in- 
dicate the beginning and the third the 
end of setting, both of them being 
more readily observable and sharper 
than by the classical Vicat test, with 
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which a comparison has been also 
made. The changes in temperature, pH 
value, and resistance have been meas- 
ured and are discussed from the phys- 
ico-chemical point of view. 


Epoxy resins for use on civil works 
projects. Summary of data available as 
of March 1, 1959 


Leonarp Peprrer, Technical Report No. 6-521, 
Report No. 1, U. S. Army Engineer Water- 


ways Experiment Station, Aug. 1959, 47 pp. 
$0.75 


AvuTHOR’s SUMMARY 


Reviews the available literature and 
manufacturers’ publications to deter- 
mine the potential uses of epoxy res- 
ins on civil works projects. These pos- 
sible uses fall into three general cate- 
gories: adhesives, fillers, and coatings. 
Specific applications that have proved 
successful include: (a) bonding hard- 
ened concrete to hardened concrete; 
(b) bonding freshly mixed concrete 
to hardened concrete; (c) sealing 
cracks in concrete; (d) filling voids, 
pop-outs, and spalls in concrete; (e) 
refacing worn concrete or steel sur- 
faces; (f) coating concrete or other 
surfaces for resistance to chemical at- 
tack; (g) protecting electrical compo- 
nents; and (h) bonding attached or 
embedded items such as dowels, reflec- 
tor buttons, and traffic bars to con- 
crete. It is recommended that inves- 
tigation of epoxy-resin systems be con- 
tinued to: (1) define the uses that are 
most economically attractive; (2) de- 
velop specific performance specifica- 
tions applicable to such uses; and (3) 
develop application procedures and in- 
formation on performance in service. 


Franciscan chert in California concrete 
aggregates 


Harotp B. Gotpman, Special Report No. 55, 
— Division of Mines, 1959, 28 pp., 


Treatise on the nature and deter- 
mination of the chemical and physical 
properties of Franciscan chert that af- 
fect the use of this material in port- 
land cement concrete. Data from lab- 
oratory tests which demonstrate that 
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the Franciscan chert is moderately 
reactive are presented and evaluated. 
Results of field examinations of con- 
crete structures built with sand and 
gravel, containing varying proportions 
of Franciscan chert, revealed no signs 
of alkali-aggregate reaction after 20 
to 50 years. A table contains data on 
the distribution of the chert in the ma- 
jor stream deposits of the Coast Range. 


Aeration cause of false sets in port- 
land cement 
W. C. Hansen, Proceedings, ASTM, V. 58, 
1958, pp. 1044-1058 (including discussion) 
AvuTHOR’s SUMMARY 
Evidence, based on extractions with 
water and the rates at which cements 
combine with calcium chloride, is pre- 
sented to show that cements which de- 
velop false set on aeration do so be- 
cause the reactivity of the 3CaO - Al.O; 
is decreased sufficiently to permit de- 
hydrated gypsum in the cement to pre- 
cipitate as gypsum in the cement-water 
paste. 


Reflectance tests for concrete curing 
materials 
Cc. C. Ruopes, M. H. Janson, and M. G. Brown, 
Proceedings, ASTM, V. 58, 1958, pp. 1059-107 
(including discussion) 
AvutTHors’ SUMMARY 
Stress control through the regula- 
tion of early temperature changes in 
concrete is an important function of 
the curing operation. Since the pri- 
mary purpose of using white curing 
materials is to reduce heat pickup 
from solar radiation, the measurement 
of reflectance is of considerable sig- 
nificance in procuring such materials. 
Because existing preference is divided 
between the luminous _ reflectance 
method of ASTM E97 and the infrared 
reflectance method of Federal Speci- 
fication TT-P-14lb, this study was un- 
dertaken to provide a sound basis for 
evaluation of these two methods and 
development of reflectance tests in 
general. 


Three factors enter into the devel- 
opment of a significant and practical 
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reflectance test for concrete curing 
materials: (1) spectral distribution of 
solar radiation received at the earth’s 
surface, (2) suitability of various pho- 
tometers for measurement of reflect- 
ance in the most significant spectral 
range, and (3) spectral characteristics 
of the curing materials. An analysis of 
these three factors indicates that meas- 
urements in the visible range are as 
significant as those in the infrared and 
that ASTM E-97 for routine testing and 
ASTM D307 and D791 for reference 
are the best that can be found at pres- 
ent using commercial photometric 
equipment currently available at a 
reasonable cost. 


Properties of active volcanic tuffs 
and the possibility of their use in 
construction works 
VLASTIMIR TureEcpzic, Nase Gradevinarstvo 
(Belgratie), V. 13, No. 2, Feb. 1959, PP; 30-35 
Reviewed by J. J. PoLtvKa 
Thoroughly describes the hydraulic 
and pozzolanic properties of volcanic 
tuffs that are found in the Vranje 
valley. These tuffs were mixed with 
hydrated lime and then tested in the 
Belgrade University laboratory and 
subsequently used in construction and 
with great success and economy. Tuff- 
cement mixtures have good strength 
and their use for lightweight, precast, 
concrete units has growing application. 
Test results are tabulated and demon- 
strated in diagrams. 


The setting of portland cement. A re- 
view of theory, performance, and con- 
trol 


H. H. Srernour, Bulletin 98, Portland Cement 
Association, Chicago, 1958, 124 pp. 
Roap ABSTRACTS 
June 1959 
The literature on the subject is re- 
viewed with special attention to fac- 
tors affecting the setting times and 
development of false set. Chapters are 
included on the setting of ground 
clinker, the chemical action of gyp- 
sum, other retarders of clinker, the 
setting of gypsum-retarded cement, 
effects of calcium sulfate in other 
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forms, the liquid phase in cement 
paste, altering the setting time of nor- 
mally retarded cement, troubles with 
gypsum -retarded cement, remedial 
measures, and testing for early stiffen- 
ing and early reactions in cement paste. 
The bibliography contains 231 refer- 
ences. 


Capillary water absorption of blast- 
furnace cement mortar (Kapillare Was- 
serabsorption von Huttenzementmor- 
tel) 


G. Tsungeyvama, Zement-Kalk-Gips (Wies- 
baden), V. 12, No. 6, June 1959, pp. 260-264 
AvuTHor’s SUMMARY 
The capillary water absorption of 
blast-furnace cements, as compared 
with portland cement, has been meas- 
ured by a method devised by the auth- 
or. Blast-furnace cements containing 
60-80 percent slag (“Hochofen” ce- 
ments) displayed low absorption val- 
ues, with more finely ground blast- 
furnace slag having even less absorp- 
tion. The difference disappears with 
advancing age. 


Aggregates for runway pavements 
J. E. Gray, Crushed Stone Journal, V. 34, 
No. 3, Sept. 1959, pp. 3-8, 23 

Reviews a typical aggregate speci- 
fication for portland cement concrete 
paving. States the performance ex- 
pected of concrete runways and then 
discusses the probable modification of 
the usual requirements to assure satis- 
factory performance. Discusses ASTM 
C 33-57, “Standard Specifications for 
Concrete Aggregates,” for require- 
ments for grading, deleterious mate- 
rials, soundness, and abrasion. Other 
properties which must be evaluated 
before a sound selection can be made 
are (a) the effect of coarse aggregate 
on the flexural strength of concrete, 
(b) the effect of coarse aggregate on 
the volume change of concrete, and 
(c) the effect of aggregate on skid re- 
sistance. In many cases, available ag- 
gregates must be used and although it 
is impractical to require the aggregates 
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to be free of all deleterious materials, 
the tolerance should be more restrict- 
ive for concrete runways than the cur- 
rent tolerance in highway construction. 
Suggests the possibility of two-course 
paving; e.g., the inferior aggregate 
used for the concrete in the lower part 
and then topped with concrete made 
with better aggregate. 


Effect of type of capping material on 
the compressive strength of concrete 
cylinders 

Georce Werner, Proceedings, ASTM, V. 58, 
1958, pp. 1166-1186 (including discussion) 

A study was made of different types 
of capping materials permitted for use 
on concrete specimens by current 
ASTM test methods. The capping ma- 
terials used were a neat high-alumina 
cement, a mixture of portland cement 
and plaster of Paris, two sulfur ce- 
ments, two gypsum plasters, plaster of 
Paris, and sulfur without filler or 
additive. The study was conducted on 
cylinders with rough and smooth ends 
and with concrete cylinders of rela- 
tively low and high strength. 


Effect of vacuum mixing on concrete 
containing surface-active agents 
J. W. Sxeen, 3lst International Congress of 


Industrial Chemistry, Liege, 1958, 4 pp. (Re- 
printed by Building Research Station (Eng- 
land) as Reference QL-622) 

By mixing concretes containing diff- 
erent surface-active agents at a low 
pressure it was intended to prevent, or 
at least reduce, the entrainment of air 
by the agent. It was figured that this 
would allow seeing whether the agent 
still gives an improvement in worka- 
bility of the mix from some physico- 
chemical effect other than from the 
presence of entrained air. 

The results obtained with a limited 
number of agents are given. Within 
the fairly high experimental errors of 
the setup and the methods of test, the 
workability of concrete mixes as meas- 
ured by the compacting factor was ap- 
proximately proportional to the air 
content with certain surface-active 
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agents irrespective of the amount of 
agent added. With certain other tvpes 
of surface-active agent the workabil- 
ity was greater than could be account- 
ed for by air entrainment alone. 


Slip-form paver masters “‘split-level’”’ 
grade 


Construction Equipment, Sept. 1959, pp. 31-33 


Reports on a new paving machine 
that replaced up to three conventional 
spreading and finishing machines. This 
machine applies the slip-form tech- 
nique for forming curbs thereby elim- 
inating all formwork and labor needed 
for this purpose. On this particular 
project 4000 to 10,000 ft of steel forms 
were eliminated and the labor force 
was reduced by 25 to 50 percent. 


More speed for a paving train 


Buu A.tten, Contractors and Engineers, V. 56, 
No. 6. June 1959, pp. 60-63 

Reports on two time saving devices 
which were employed in the paving of 
a 15%-mile section of U. S. 40 near 
Topeka, Kan. The first technique was 
to use the lead concrete spreader to 
tow a cart which carried the wire mesh 
reinforcing mats. The second innovation 
was a three-disc wheel mounted at the 
rear of the first spreader. This was 
used for placing short transverse tie 
bars down the center of the pavement. 
Both wheel and mesh carts helped cut 
costs. An added novelty on this project 
was the lime stabilized subgrade 


Concrete pavement design research: 
1958 


Bulletin No. 217, Highway 
May 1955, 49 pp., $1 


Research Board, 


Presents two papers on rigid pave- 
ment design research. “Fifteen-Year 
Report on Experimental Concrete Pave- 
ment Project in Oregon,” by G. S. 
Paxson, deals with a portion of the 
northeast Portland secondary highway 
paved in 1941, with facilities for meas- 
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uring performance of expansion and 
contraction joint at various spacings, 
with and without load transfer devices. 

“Performance of Doweled Joints Un- 
der Repetitive Loading,” by Leslie W. 
Teller and Harry D. Cashell, describes 
load-transfer tests of full-sized joints 
under shear and flexure, and presents 
results of a series of tests to determine 
the effects of several variable factors. 


Highway pavement design in frost 
areas, a symposium: Part 1. Basic 
considerations 


Bulletin No. 225, Highway 
Sept. 1959, 131 pp., $2.60 


The information concerns the basic 
considerations of the frost action prob- 
lem, namely, water temperature, soil, 
and the freezing mechanism of soil- 
water systems. The five papers com- 
prising the discussion on basic consid- 
erations are: “The Mechanism of Frost 
Heaving in Soils,” by E. Penner; “The 
Factor of Moisture in Frost Action,” by 
P. F. Low and C. W. Lovell; “Frost 
Penetration: Relationship to Air Tem- 
perature and Other Factors,” by M. S. 
Kersten; “The Factor of Soil and Mate- 
rial Type in Frost Action,” by K. A. 
Linell and C. W. Kaplar; and “Frost 
Action in Soils; A Symposium Analy- 
sis,” by Carl B. Crawford. 


Research Board, 


Accelerated proof-tests of runway 
pavement, Columbus Air Force Base, 
Mississippi 

CuarLes R. Foster and J. P. Sate, Proceed- 
ings, Highway Research Board, V. 38, 1959, 


pp. 183-218 (including discussion) 
AvutTHors’ SUMMARY 


Accelerated traffic was applied to 
pavements to proof-test the Army 
Corps of Engineers’ design for interi- 
ors of runways under simulated B-52 
aircraft traffic. A total of 5000 cover- 
ages was applied with a cart equipped 
with four tires arranged in the same 
pattern as the tires on the rear gear 
of a B-52. The tires were inflated to 
266 psi and the cart was loaded to 
212,000 lb. The paper describes the 
pavements, the accelerated traffic pro- 
cedures, and the behavior of the pave- 
ments under traffic. 
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17-year report on the Owensboro- 
Hartford cooperative investigation of 
joint spacing in concrete pavements 


and W. B. Drake, Pro- 
Research Board, V. 38, 


Mitton Evans, Jr., 
ceedings, Highway 
1959, pp. 226-240 
This report provides data and in- 
formation on subgrade, traffic, riding 
quality, and over-all condition from a 
17-year performance survey 
crete pavement 
Kentucky 


on con- 
constructed by the 
Department of Highways. 

The following conclusions are made: 
(1) Expansion joints more than 400 
ft apart are of little benefit and are 
probably detrimental. (2) Contraction 
joints, for best performance, should be 
closely spaced. (3) Dowel bars for load 
transfer at contraction joints are of 
questionable value except in the case 
of joints that open considerably and 
remain open. (4) A thickened edge 
pavement is actually superior to that 


of uniform 7 in. thickness. 


Refractoriness of concrete airport run- 
ways (in Russian) 


G. G. Muprov and A. V. MrKxnamov, Beton i 
Zhelezobeton (Moscow), No. 7, July 1959, pp. 
318-320 


Reviewed by D. WarTstTEeIn 


Temperature measurements were 
made at various depths of concrete 
slabs and subgrades subjected to the 
combustion gases of jet aircraft en- 
gines. Surface temperatures of the 
concrete slab ranged from 200 to 400C, 
and the durations of exposure ranged 
from 5 to 30 min. 

The temperature distribution was 
determined in slabs 40 cm thick. The 
temperatures recorded 11 cm below 
the surface were rot appreciably af- 
fected by the application of heat of 
30 min duration. The temperatures at 
a distance 2 cm below the surface were 
found to be within limits which can 
be tolerated by ordinary portland ce- 
ment concretes. 

The refractive properties of 15 x 
15 x 55 cm prisms were also deter- 
mined by heating to 600C in an elec- 
tric furnace. The modulus of rupture 
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of limestone concrete was not appreci- 
ably affected by being heated to 600C 
15 times, while concrete containing 
granite aggregate half of its 
strength after five heating cycles, and 
all of its strength after 15 cycles. 


lost 


Warping stresses and deflections in 
concrete pavements 
M. E. Harr and G. A. Leonarps, Proceedings, 
Highway Research Board, V. 38, 1959, pp. 
286-320 

A new theory has been developed 
whereby the stresses and deflections 
in concrete pavements subject to tem- 
perature and moisture gradients can 
be computed for the general condition 
that warping is sufficient to raise a 
portion of the slab off its support. The 
extent of the support can also be de- 
termined. Nomographs were prepared 
giving ratios of the critical stress to 
the modulus of rupture for a wide 
range of environmental gradients and 
for various combinations of slab sizes 
and thicknesses. Comparisons with 
available measurements showed good 
agreement between observed and com- 
puted deflections. Typical cracking 
patterns observed in concrete pave- 
ments can readily be explained. 

The new theory is 
tional and has been extended to 
include a variety of superimposed 
loadings combined with the effects of 
warping produced by temperature and 
moisture gradients. 


completely ra- 


Final report on design project, Mich- 
igan test road 
E. A. Finney and LeRoy T. Ornter, Proceed- 


ings, Highway Research Board, V. 38, 
pp. 241-285 


1959, 


This report completes the research 
phase of the design project on the 
Michigan Test Road. It contains mis- 
cellaneous project information pertain- 
ing to soil conditions, physical proper- 
ties of concrete, climate, and traffic, 
which contribute to an understanding 
of the findings. 

Approximately 45,000 
measurements 


width 
on more 


joint 
were made 
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than 850 joints during the 17-year 
study. With the information gathered, 
it was possible to compare various sec- 
tions and determine the effects on con- 
traction joint width of (a) expansion 
joint spacing; (b) intermediate warp- 
ing joints; and (c) contraction joint 
spacing. 

the 
in 


The physical performance of 
pavement sections is discussed 
terms of cracking, spalling, roughness, 
and joint faulting, to relate these to 
design factors such as joint spacing, 
pavement thickness and cross section, 
amount of reinforcement, and load 
transfer features at joints. Final ob- 
servations are also given in one of the 
incidental studies—stress cured con- 
crete pavement. 


Concrete pavement: Subbase and joint 
construction 


Bulletin 229, Highway 
53 pp., $1.00 


Performance of concrete pavements as related to 
subbase construction methods 
Pum Forpyce and J. D. GeEesaMan, pp. 1-10 
Since 1952, the Portland Cement As- 
sociation has been engaged in an ex- 
tensive study of subbases for concrete 
pavements. Information was obtained 
during the construction of 28 projects 
in many parts of the country, repre- 
senting typical subbase construction 
methods. The effects on subbase dens- 
ity and gradation of various construc- 
tion operations are discussed. These 
include methods of subgrade compac- 
tion, subbase mixing, placement and 
compaction, and fine-grading. 


Research Board, 1959, 


The field studies of the performance 
of concrete pavements built on sub- 
bases of various designs and materials 
show that the method of subbase con- 
struction is an important factor. Uni- 
formity of gradation was found to be 
the one subbase quality having the 
most influence on pavement perform- 
ance. Subbase materials having a small 
maximum size were found generally 
to perform better than coarser mate- 
rials because segregation is less likely 
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June “Current Reviews” each 
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to occur during placement. Heavy con- 
struction traffic on the completed sub- 
base nullifies the efforts expended to 
obtain uniformity and results in sub- 
standard pavement performance. 

The report is concluded with a sum- 
mary of nine construction procedures 
which have been found to contribute 
towards providing uniform pavement 
support. 


Joint construction in concrete pavement 
Gorpvon K. Ray, pp. 11-19 

Research and design engineers have 
developed a vast storehouse of infor- 
mation on performance of various 
types of joints in portland cement con- 
crete pavements. The performance of 
such joints depends to a large degree 
on the type and quality of their con- 
struction. Careless construction prac- 
tices or incorrect methods of construc- 
tion resulting from a lack of knowl- 
edge of the joint function results in 
pavements with below standard riding 
characteristics and maintenance prob- 
lems. 

The four general types of joints— 
longitudinal, contraction, expansion, 
and construction—are described, giv- 
ing their purpose and design. Then, 
each joint type is taken up and satis- 
factory construction procedures out- 
lined. In some cases, there are several 
different methods of construction 
which will produce a suitable joint. 
Wherever possible more than one ac- 
ceptable method has been discussed. 
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Included photographs demonstrate the 
various construction methods. 


A theoretical approach to design of a road 
joint seal 
Econs Tons, pp. 20-53 

A pavement joint undergoes contin- 
ued changes in width due to such in- 
fluences as temperature and moisture 
fluctuations within the concrete slabs. 
When a joint (or crack) is filled with 
a sealing compound, strains and stress- 
es caused by every opening or closing 
movement must develop both within 
the sealer and along the bond inter- 
faces between sealer and pavement. 
The mass of sealer in the joint can be 
pictured as a sort of bridge spanning 
the gap between two slabs. Since a 
bridge is designed before it is built by 
using known quantities and methods, 
an attempt should also be made to de- 
sign a seal before it is placed in the 
joint. 

The purpose of this study was to 
correlate mathematically and by ex- 
periment (a) the joint width, (b) 
sealed depth, (c) joint expansion, and 
(d) the extensibility of the sealer, and 
then hopefully to outline a joint seal 
design procedure for future practical 
use in the field. Work on this problem 
started with a simple joint model test. 
It was soon discovered that the depth 
of seal in the joint is another equally 
important variable, along with (1) 
amount of change in joint width, 
(2) capabilities of the sealing material, 
and (3) width of the joint space. 

The paper describes the theoretical 
analysis and computations of strains 
in a sealed joint and presents experi- 
mental laboratory data to verify the 
basic theory and to point out its lim- 
itations. Nine sets of curves are in- 
cluded for illustration, which show 
that strains in the sealer can be de- 
creased by either increasing the mini- 
mum joint width or by decreasing the 
depth of seal. The paper includes rec- 
ommendations for additional research 
needed to broaden the scope of the ba- 
sic theory and to further check the 
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limitations. Following this article are: 
Appendix A, Outline of a _ Bond- 
Ductility Test for Evaluation of Seal- 
ers; Appendix B, Probable Joint Seal 
Design Procedure; Appendix C, Dis- 
cussion of Proposed Design Procedure; 
Appendix D, Test Road to Check Joint 
Seal Design Theory; Appendix E, Mis- 
cellaneous Equations. 


Precast Concrete 


Some recent developments in the tech- 
nique of precasting concrete struc- 
tures 
J. A. Derrmncton, The Reinforced Concrete 
Review (London), V. 4, No. 1, Mar. 1956, pp. 
1-31; discussion pp. 31-39 
Reviewed by W1Lt1aM R. LorMAN 

Describes and illustrates various 
structures recently erected in England. 
Presents erection problems encoun- 
tered with precast beams, staircases, 
floor slabs, and shell roofs; also cer- 
tain prestressing operations. Struc- 
tures involve office buildings, printing 
works, factories, and electric power 
plant. Discussion by ten individuals 
pertains to American practices with 
floor slabs, Australian problems, ef- 
ficacy of joint connections, and volume 
changes. 


Development of grooved lightweight 
concrete blocks 


T. L. Carnart-Harris, Builder 
196, No. 6063, June 12, 1959, pp. 1046-1047 
(Reprinted by Building Research Station 
(England) as Reference QL-609) 

AUTHOR’s SUMMARY 


(London), V. 


Advantages of grooved block and 
their design and development (making 
use of existing manufacturing sizes 18 
x 9 x 4% in. or 3 in.), the groove shape, 
and the adaptation of existing produc- 
tion are given. From only one manu- 
facturing length of 18 in., any 3 in., or 
4% in. cut or their multiples can be 
made cleanly and accurately with two 
usable offcuts and thus walls can be 
built without waste to any 1% in. mul- 
tiple of length and can accept any in- 
tercepting header of 1% in. multiples. 
Goes on to describe present site prac- 
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tice in cutting concrete block and how 
the grooves allow easy and accurate 
cutting of the block while eliminating 
three of the four usual operations re- 
quired to cut a block accurately. 


Faulty block curing practices 
W. J. Snore, Modern Concrete, V. 23, No. 7, 
Nov. 1959, pp. 42-45 

The author shows the wide 
tions in strength which occur due to 
improper atmospheric pressure steam 
curing practices for concrete block and 
describes simple tests to determine 
how curing methods of this type can 
be used to improve efficiency. After 
decribing the types of curing, he dis- 
cusses research findings on steam cur- 
ing practice and the effect on block 
strength of the method of steam cur- 
ing. After demonstrating a need for 
improvement in curing techniques, he 
proposes a simple series of tests to 
check on the efficiency of cement 
utilization in a plant, on the relative 
uniformity of the curing processes, 
and on the reasons for unnecessarily 
high strength in the units of 24 hr age. 
With the data from these tests it is a 
simple matter to modify steam sup- 
plied to the curing kilns so that block 
on the top shelves of the racks are not 
subjected to excessive heat. 


varia- 


Use of precast and prestressed rein- 
forced concrete constructions in indus- 
trial buildings in the USSR 


B. F. Vastmsev, Indian Construction 
Supplement (Calcutta), V. 8, No. 5, 
1959, pp. 11-26 

The industrialization of buildings, 
consistently followed by the USSR, 
demands fabrication of building de- 
tails and constructions at factories. 
Organization of factory fabrication of 
building elements is expedient only if 
there is a large repetition of elements 
and a restricted numbr of types and 
sizes. This standardization in building 
is carried out on the basis of the united 
modulus system, which sets rules for 
determination of geometrical parame- 


News 
May 
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ters of buildings, sizes of details, and 
rules of inter-coordination of details 
and elements of buildings with geo- 
metrical parameters. 

Bays are regulated on the basis of 
3-m modules. Load capacity of travel- 
ing cranes is regulated to specified 
weights; building heights are held to 
modules; three different roofing loads 
are established and five standard live 
floor loads. 

On the basis of unified parameters 
of buildings and establishment of a 
unified system of distance coordina- 
tion, the nomenclature and catalog of 
reinforced concrete buildings were 
worked out for industrial buildings 
with a limited number of types and 
sizes of various elements: columns, 
main carrying elements of coverings, 
secondary elements of coverings, foun- 
dation and framing beams, and crane 
beams. 

In addition to discussing generally 
the ideas of standardizing the use of 
precast concrete by establishing par- 
ticular modules, the article also de- 
tails some of the particular precast 
members such as columns, trusses, and 
beams. 


Refractory concrete moulds 


The Engineer (London), V 
5393, June 5, 1959, pp. 878-882 
Reviewed by Aron L. Mirsky 


E. HAmM™Monp, 
207, No 


Discusses refractory molds made 
with high-alumina and pure calcium 
aluminate cements, from standpoint 
of strength, porosity and permeability, 
thermal conductivity and diffusivity, 
expansion and _ shrinkage, thermal 
shock resistance, thermal stability, re- 
producibility, economics, and use in 
precision casting by various methods. 


Automation in the concrete product 
factory 


The Reinforced Concrete Review 


(London), 


V. 4, No. 1, Mar. 1956, pp. 59-68 


Reviewed by WrtLt1aM R. LorMAN 


Describes operations (illustrated in 
14 photographs) and details of me- 
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chanical processes employed in USSR 
factories producing prestressed precast 
concrete units for use in prefabricated 
structures in Moscow. Each plant uses 
160,000 cu yd of concrete annually and 
the four production lines in each plant 
provide units such as beams, columns, 
hollow floor slabs, and wall panels; 
but there is no indication of the num- 
ber of such plants involved and there- 
fore the reader has no idea of the total 
magnitude. The article ends with a de- 
scription of how the various concrete 
units are used in the erection of apart- 
ment dwellings. 


Prestressed Concrete 


Research in prestressed concrete at 
the University of N. S. W. 


A. S. Hatt, Constructional Review 
V. 32, No. 5, May 1959, pp. 18-24 


Sydney), 
A method of estimating the shear 
strength of simply supported beams 
without web reinforcement is given. 
This applies to T and I beams as well 
as rectangular beams. Bond tests on 
both smooth and indented wires are 
reported. The effect of creep on the 
time behavior of redundant reactions 
in continuous beams is discussed. As- 
sociated with the last topic, measure- 
ments have been made of creep and 
of stress relaxation which are found 


to be related 


Prestressed concrete tank for the 
Canada-India reactor 


Indian Concrete Journal (Bombay), V 
8, Aug. 1959, pp. 262-264 


33, No 


The first prestressed concrete tank 
is now being built in India by the 
Atomic Energy Commission as an emer- 
gency water storage tank for the 
Canada-India reactor. This is a rather 
unusual looking structure. The reser- 
voir itself is a sphere with outside di- 
ameter of 72 ft 5 in., resting on a 
conical reinforced concrete tower 20 ft 
above the ground level. Its capacity is 
850,000 gal. The top of the reinforced 
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conical tower which supports the tank 
has an inside diameter of 40 ft 8 in. at 
this level. The tower rests on a rein- 
forced concrete footing founded on 
medium hard rock 22 ft below the 
ground level. The center line of the 
footing describes a circle of diameter 
53 ft 4 in. 

The sphere comprising the tank has 
an outer radius of 36 ft 24% in. The wall 
thickness is 7 in. in the upper and mid- 
dle parts and increases progressively to 
13 in. in the lower part near the lower 
ring beam. The wall is prestressed by 
horizontal and vertical Freyssinet ca- 
bles made up of 12 high tensile steel 
wires, 5 mm in diameter with a mini- 
mum ultimate strength of 212,000 psi. 
The spacing of the 104 horizontal pre- 
stressing rings varies from the bottom 
to the top in accordance with the mag- 
nitude of water pressure. The number 
of vertical prestressing 92. 
These are placed along meridian lines 
and are anchored at the bottom in the 
lower ring beam and at the top in the 
upper ring beam. Four pilasters which 
contain the anchorages of the horizontal 


cables is 


prestressing cables are located in two 
vertical meridian planes at right angles. 
The dome of the roof is an extension of 
the sphere of the tank. It is 5 in. thick 
and has an inside radium of curvature 
of 35 ft 7% in. 


Effect of temperature drop on strand 
stresses in a casting bed 


H. Kent Preston, 
crete Institute, V. 4, No. 1, June 1959, pp. 54-57 


Journal, Prestressed Con- 


Author discusses the problem of 
strand failures encountered in the fab- 
rication of pretensioned prestressed 
concrete members when there is an 
appreciable temperature change during 
the curing period and before the 
strands have been unjacked. 

A graph is introduced so as to help 
in determining what temperature drop 
will induce dangerous tensile forces. 
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Prestressed concrete poles for pow- 
er transmission lines 


R. P. Muatre, Indian Concrete Journal (Bom- 
bay), V. 33, No. 8, Aug. 1959, pp. 265-269 


Advantages are cited for prestressed 
concrete poles for transmission lines: 
Prestressed concrete poles are more 
durable than wood, steel, or reinforced 
concrete poles; they weigh considerably 
less than reinforced concrete poles; 
they are safer for all voltages as com- 
pared to steel poles; they are economi- 
cal in the consumption of steel; the cost 
of maintenance is almost nil; they re- 
quire no concrete foundation; and the 
cost can be pared down considerably by 
standardization and simplification of 
design. The manufacture, design, han- 
of 
Drawings 


transportation, and erection 
are discussed. 
of 


Vierendeel 


dling, 
these poles 
show details 
I-shaped, 
concrete poles, and a composite pole. 
The author concludes that the precast 
pretensioned poles can compete with 
wood, steel, or reinforced concrete poles 
when consideration is taken not only of 
the initial cost but the cost of mainte- 
nance and foundation blocks well, 
and the greater durability of the pre- 
stressed poles. 


square, rectangular, 


and prestressed 


as 


Prestressed concrete as applied to 
buildings 
Indian 
No. 8, Aug 
The proceedings of a 
“Prestressed Concrete as 
Buildings” held at Central 
Research Institute, Roorkee, India, 
Feb. 10-12, 1958. Twenty-one papers 
are presented under the major head- 
ings of: materials and methods, pre- 
stressed concrete roofs, research on 
prestressed concrete as applied to 
buildings, and economics of  pre- 
stressed concrete as applied to build- 
ings. Various individual papers will 
be reviewed in the “Current Reviews” 
section of the JOURNAL as space per- 
mits. 


News (Calcutta), V. 7, 


17-136 


Construction 

1958, pp. 
symposium 
Applied to 
Building 
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Use of prestressed concrete girders for 
power plant roofs 
Ertk So.iip, Indian Construction News (Cal- 
cutta), V. 7, No. 8, Aug. 1958, pp. 65-67 (from 
the Proceedings, Symposium on Prestressed 
Concrete as Applied to Buildings, Central 
Building Research Institute, Roorkee, Feb. 
— AvuTHoR’s SUMMARY 
A comparison between the conven- 
tional steel roof trusses and prestressed 
concrete girders carried out for a pow- 
er plant roof, for which the frame 
analysis and steel truss design were 
available, brings out clearly the saving 
in steel and construction cost resulting 
from the use of prestressed concrete. 
The span is 61 ft and the roof is 372 
ft long requiring 23 girders, the maxi- 
mum center-to-center distance between 
girders being 18.5 ft. 


Prestressed concrete as applied to 
buildings 

N. T. Pater & Co., Indian Construction News 
(Calcutta), V. 7, No. 8, Aug. 1958, pp. 53-61 
(from the Proceedings, Symposium on Pre- 
stressed Concrete as Applied to Buildings, 


Central Building Research Institute, Roorkee, 
Feb. 1958) 


Describes the work carried out in 
prestressed concrete for a convocation 
hall at the University of Travancore, 
Trivandrum, India. Design and con- 
struction details are covered, includ- 
ing roof purlins, gantry girders (two 
spans continuous) for overhead crane, 
and the diagrid (two-way) prestressed 
Slab. 


Transmission length and bond stress 
in pretensioned prestressed concrete 
R. H. Evans, Indian Construction News (Cal- 
cutta), V. 7. No. 8, Aug. 1958, pp. 65-67 (from 
the Proceedings, Symposium on Prestressed 
Concrete as Applied to Buildings, Central 
Building Research Institute, Roorkee, Feb. 
1958) 

Deals with the magnitude of the 
wedge or Poisson’s ratio action in pre- 
tensioned prestressed concrete and 
discusses the effect of the surface con- 
ditions of the wire on the value of 
the transmission length. Reference is 
made to the influence of rust, surface 
indentations, and crimping. Attention 
is also devoted to strands or wire ropes 
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and deformed high tensile steel bars. 
Both types of tendons are discussed 
and typical results given concerning 
their bonding characteristics. The ad- 
vantage of strands and deformed high 
tensile bars over plain wires, when a 
prestressing tendon with a short trans- 
mission length is required, is empha- 
sized. This is particularly so in mem- 
bers subjected to large bending mo- 
ments and shearing forces near their 
ends, such as railway ties and floor 
joists. 

The effect of time or the creep of 
transmission lengths is examined and 
representative values given for bright 
and rusted wires, and for wire ropes. 
Expressions are presented for calcu- 
lating the transmission length of wires 
and wire ropes from the measured 
pull-in. The nature of bond is finally 
discussed based on results obtained by 
an x-ray technique. 


Precast prestressed concrete as applied 
to construction of building stairs 

R. N. Cuatrersee and A. K. Bannersgee, Indian 
Construction News (Calcutta), V. 7, No. 8, 
Aug. 1958, pp. 41-44 (from the Proceedings, 
Symposium on Prestressed Concrete as Ap- 
plied to Buildings, Central Building Research 
Institute, Roorkee, Feb. 1958) 

Describes prestressed concrete stairs 
consisting of precast prestressed con- 
crete stringer beams and precast rein- 
forced concrete steps suported in be- 
tween. Plans are presented as well as 
design calculations and details of man- 
ufacture and erection; costs (in India) 
are compared with cast-in-place stairs. 


Stresses in a three-dimensional pre- 
stressed concrete frame 


R. H. Evans and J. J. Fartery, Indian Con- 
struction News (Calcutta), V. 7, No. 8, Aug 
1958, pp. 77-86 (from the Proceedings, Sym- 
posium on Prestressed Concrete as Applied 
to Buildings, Central Building Research In- 
stitute, Roorkee, Feb. 1958) 

The tests discussed were designed to 
supply some practical information and 
data on the reliability of elastic and 
plastic design techniques when applied 
to an open rigid prestressed concrete 
frame. The frame was 26 ft x 10 ft x 


7 ft high and the 26 ft length was di- 
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vided into two bays of 16 ft and 10 ft. 

Up to at least the working load, the 
elastic theory worked out with refer- 
ence to the applied distortions, gave 
an accurate picture of the frame be- 
havior. This relationship would not be 
true if creep and permanent set were 
not linearly related to the instantane- 
ous strain within the stress limits used 
in the investigation. 

When analyzing the ultimate strength 
of the frame, the joints may be treated 
fully rigid but within the elastic 
range, 95 percent rigidty at the joints 
was an average value and only one 
exceptionally low value of 40 percent 
rigidity was recorded. The relation- 
ship between the instantaneous load 
and the deflection is linear up to 50 
percent of the crushing strength for 
increasing deflection but shows the ef- 
fects of permanent set when reducing 
the deflection. 

After the concrete has cracked the 
subsequent behavior of the frame can 
be closely explained by assuming the 
progressive formation of hinges at the 
cracked sections. 


as 


Analysis of stresses in a prestressed 
beam using Araldite models 


K. D. Manasan, Indian Construction News 
(Calcutta), V. 7, No. 8, Aug. 1958, pp. 112- 
117 (from the Proceedings, Symposium on 
Prestressed Concrete as Applied to Buildings, 
Central Building Research Institute, Roor- 
kee, Feb. 1958) 


AUTHOR’s SUMMARY 

Reports the results of photoelastic 
investigation to determine: (a) the 
maximum principal stress; (b) the 
general stress distribution in the an- 
chorage zone; and (c) the extent to 
which these local disturbances extend. 


Designing of prestressed reinforced 
concrete construction accepted in USSR 
G. I. Berpicnevsky, Indian Construction News 
Supplement (Calcutta), V. 8, No. 5, May 1959, 
pp. 2-10 

Since 1958 prestressed structures in 
the USSR have been designed on the 
basis of the “limit” method. As set out 
in the standards, the requirement is 
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stipulated that the load strain or stress 
shall, at worst, not exceed the ultimate 
of strength of of the 
designed construction. Prestressed con- 
structions are designed so that no ulti- 
mate conditions reached in the 
pretensioning of concrete and through- 
out the construction’s life. 

Three principal limiting conditions 
are accepted for prestresed reinforced 
concrete construction: (1) the carry- 
ing capacity limit is a condition which 
attaining the construction either 
loses its ability to resist external ef- 


stress material 


are 


on 


fects and fails or becomes permanent- 
ly deformed, thus forbidding further 
exploitation; (2) the general deforma- 
tions limit, in which calculation of re- 
inforced concrete constructions are 
performed for standardized loads and 
standardized values of deformation as 
allowed; and (3) the cracking forming 
and crack opening limit is considered 
in cases and for constructions when 
the appearance of cracks or their ex- 
cessive opening precludes any further 
exploitation or drasticaly detracts 
from the exploitation properties of the 
construction. 

Prestressed reinforced concrete con- 
structions are divided into three cate- 
gories of crack resistance, according to 
the degree of the danger of crack 
formation: (1) The first category in- 
cludes constructions which must be 
impermeable. (2) The second category 
includes constructions to which the 
impermeability requirement is not 
imposed but which are under the ef- 
fects of at least one of the following 
factors: an aggressive medium; repeat- 
ed loads; or high-grade reinforcement. 
(3) The third category includes con- 
structions reinforced with rolled rod 
or prestressed members, or by cold- 
drawn wire used for welded frames 
and webs. 

USSR research in prestressed rein- 
forced concrete is also described. 
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Fire resistance of prestressed concrete 


Concrete and Constructional 
V. 54, No. 7, July 


THomas KLuvz, 
Engineering (London), 
i959, pp. 231-241 


Describes a Polish investigation of 
fire resistance of proposed prestressed 
floors and roofs. Objects of investiga- 
tion were to study changes in the ele- 
ments during heating; determine mod- 
ulus of elasticity and ultimate strength 
before and after heating; and deter- 
mine losses of prestressing caused by 
heating. 

Test showed that the mod- 
ulus of elasticity of concrete decreases 
rapidly at high temperatures; at about 
500 C it was found to be less than 1/20 
of that at 20C. After heating to a high 
temperature the value of the modulus 
of elasticity 


results 


of prestressed concrete 
increases rapidly with cooling but nev- 
er regains the original value. 
Reported losses of prestressing in 
the 6 ft 6 in. specimens ranged from 
10.2 percent for slow cooled specimens 
heated from one side to 33.8 percent 
for rapidly cooled heated 
from both sides. 


specimens 


Design of prestressed suspension roofs 
W. ZERNA, 
(Sydney), V. 2, No. 2, July 1959, pp. 97-100 


Architectural Science Review 

Advantages and special problems in- 
volved in the design of suspended pre- 
stressed concrete roofs are briefly dis- 
cussed. Essentially, this is a transla- 
tion of the author’s article in Precon- 
trainte, No. 2, 1957. 


Prestressed concrete in torsion 
Henry J. Cowan, Constructional Review 
(Sydney), V. 32, No. 9, Sept. 1959, pp. 20-25 
Prestressed concrete is suggested as 
the solution to unusual architectural 
problems involving torsion such as 
space frames, balcony girders, and 
helical staircases. Methods of analysis 
are suggested. 
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A plastic theory for the ultimate 
strength of prestressed concrete beams 
R. M. Rao, Indian Concrete Journal (Bom- 
bay), V. 33, No. 9, Sept. 1959, pp. 306-309 
In recent years many plastic theories 
have been proposed for determining 
the ultimate strength of prestressed 
concrete beams, the main difference 
between the various theories being the 
assumed shape of the stress-distribu- 
tion curve for concrete above the neu- 
tral axis. The problem has been to find 
a convenient representation of the dis- 
tribution, which will give accurate 
predictions of ultimate strength with- 
out involving complex mathematics. 
Perhaps the most exact theory is 
that due to Morsch, which uses the 
actual stress-strain curve as the dis- 
tribution and the position of 
the resultant compressive force by 
graphical integration. More recent the- 
ories have used a rectangular or trap- 
ezoidal stress block to simplify the 
calculations. The author applies Jen- 
sen’s trapezoidal stress block theory to 
develop a plastic theory which has 
given accurate predictions of the ulti- 
mate load of both pretensioned and 
post-tensioned beams; the latter type 
may be either the bonded or nonbond- 
ed variety. The author develops form- 
ulas based on primary compression 
failure and primary tension failure for 
the ultimate strength of uniformly 
prestressed beams and the ultimate 
strength of eccentrically prestressed 
beams and works an example to illus- 
trate the application of the formulas. 


locates 


Long span prestressed concrete girder 
roof for factory in West Bengal 
K. C. Iyya and A. K. Banersea, Indian Con- 
crete Journal (Bombay), V. 33, No. 9, Sept 
1959, pp. 310-312 

Describes the technique of pre- 
stressed concrete used in roofing over 
uninterrupted floor area of 175 x 142 
ft. It was obligatory to provide a roof 
with two decks, with the lower one 
flush to enable it to carry ducts for 
air conditioning the interior of the 
mill. These requirements were found 
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to be best fulfilled by adopting pre- 
stressed concrete girders with rein- 
forced concrete slabs supported on 
them. The arrangement consists essen- 
tially of six prestressed concrete gird- 
ers, each spanning 142 ft and spaced 
25 ft apart. At the two end gables, 
reinforced concrete beams running 
continuous over three spans have been 
provided. The intermediate girders are 
of T-section with a top flange of 15 ft 
width. They are 10 ft deep at midspan 
and 8 ft deep at the supports, the soffit 


line of the girders being horizontal. 


The top flanges of the main girders 


support reinforced concrete slabs 34 
in. thick and spanning 10 ft. The soffit 
is supported on the bottom flange of 
the main girders and consists of a sys- 
tem of secondary reinforced concrete 
beams spaced at 8 ft 10% in. centers 
and spanning 23 ft betwen the bottom 
flanges of the main girders. 

The girders were prestressed by the 
BBRV system. The cable method was 
used in which 16 cables with 42 wires 
of 5-mm diameter in each cable, ten- 
sioned from one end only, were insert- 
ed into a steel duct of 54-mm diameter. 
The ends of the cable are enlarged in 
diameter to form a trumpet so that 
it can conveniently accommodate the 
anchor-head which essentially forms 
the female part of the final anchorage. 
This is a post-tensioning system in 
which the wires are cut to designed 
lengths, cable is locked at the fixed 
end, and, after tensioning, a lock nut 
on the free end bears against the bear- 
ing plate. The sequence of operation 
was to cast first the prestressed con- 
crete and then the two bottom slabs 
on either side of it. When the bottom 
slab had hardened sufficiently, the 
formwork for the top slab was erected 
on top of it and the top slab concreted. 
The girder was prestressed 28 days 
later after ensuring that all the top 
and bottom slabs were capable of ren- 
dering the girder sufficiently stable 
against torsion. 
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Apparent modulus of elasticity of pre- 
stressed concrete beams under differ- 
ent stress levels 

W. N. Lorroos and A. M. O7zELL, Journal, 
Prestressed Concrete Institute, V. 4, No. 2 
Sept. 1959, pp. 23-47 

The load-deflection relationship for 
a prestressed concrete beam is linear 
up to the cracking load. This indicates 
that the modulus of elasticity of the 
beam is constant within this range. If 
the load-deflection relationship is 
studied over a period of time, different 
conditions exist. Here the camber is 
increasing with respect to time and 
the prestressing force is decreasing. 
From these two factors, it can be seen 
that the apparent modulus of elasticity 
of this beam is not constant but a 
function of time. 

The primary purpose of this study 
is to present, from the results of tests, 
the following factors: (1) the rela- 
tionship between the beam, apparent 
modulus of elasticity, the cylinder 
modulus of elasticity, and the beam 
modulus of elasticity; (2) the relation- 
ship between the total strain in the 
concrete, the creep, the shrinkage, and 
time; (3) the relationship between 
creep and the apparent modulus of 
elasticity; and (4) the effect of two 
different stress levels on all the above. 

From the test results of the partic- 
ular specimens used, the following 
conclusions were reached: (1) The ap- 
parent modulus of elasticity decreased 
with time. This change was definitely 
a function of creep. (2) The apparent 
modulus of elasticity of beams pre- 
stressed to 0.40 f’.; was at all times 
higher than the value determined for 
the beams at 0.25 f’.:.. (3) There does 
not appear to be a definite relation- 
ship between the apparent modulus 
of elasticity and the cylinder proper- 
ties. (4) The creep strain plus the 
shrinkage was linear across the cross 
section. (5) The creep in the concrete 
at different locations of each beam ap- 
peared to be a function of both the 
stress magnitude and the relative 
shrinkage. (6) There is no marked 
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difference in the creep or rate of creep 
readings taken at corresponding loca- 
tions in beams prestressed to different 
stress levels. 


Prestressed soda silos at Janikowo 


J. Lancowsk!, Pzreglad Budowlany, No. 2, 


1958, pp. 52-57 

Surveys the construction of three 
silos. These silos were constructed of 
prefabricated walls, dome plates, and 
units used for a gallery crowning the 
silo. After assembling the tanks, they 
were prestressed by circumferentially 
wound wire; and finally a coating of 
concrete, 1% in. thick, was added to 
provide protection to the wires and the 
wall from rain. 


Properties of Concrete 


Variation in strength of portland 
cement concrete 
Davip A. JarMAN, Civil Engineering and 


Public Works Review (London), V. 54, No. 
637, July-Aug. 1959, pp. 897-901 


Summarizes the factors which govern 
the strength of a concrete, with a new 
proposal for a limited working range 
of water-cement ratios. The author 
considers only two factors to influence 
the strength of a particular portland 
cement concrete. (1) the volume of 
the water-plus-voids remaining be- 
tween the solid particles of the concrete 
mix at the conclusion of casting opera- 
tions; the progressive filling of these 
water-plus-voids spaces by cement hy- 
drates constitutes the phenomenon of 
hardening; and (2) the ability of the 
cement to provide these hydrates, which 
is a function of the cement quality and 
of the quantity of the cement present in 
the concrete. 

Both water content and air voids con- 
tent have therefore, an important in- 
fluence on concrete quality, and the 
water-cement ratio law of Abrams is a 
special case of a more embracing law 
which includes the water content and 
voids content of the mix and also a fac- 
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tor dependent on the cement concentra- 
tion. Plots various strength versus 
cement-water ratio curves and discuss- 
es results of experimental work as 
carried on by various individuals and 
laboratories. Concludes with example 
that for an ordinary portland cement 
concrete designed for 28-day strength, 
the cement-water ratio should be be- 
tween 1.1 and 2.1 or the water-cement 
ratio between 0.48 and 0.9 for the ce- 
ment to attain its greatest potential 
strength at that age. 


An in-place strength test for low- 
density concrete 


Irw1n A. BENJAMIN and GeorceE D. Rarttirr, JR., 
ASTM Bulletin, No. 241, Oct. 1959, pp. 23-26 
(including discussion) 


The Proctor penetration resistance 
test can be used as a reliable measure 
of low-density concrete strength (less 
than 40 lb per cu ft, oven-dry density). 
The average of five %-in. penetrations 
with the W%o-sq in. needle is recom- 
mended. The concrete may be tested at 
any age from a minimum of about 6 
hr and may be tested in place without 
removing concrete specimens or de- 
stroying the slab. 

It was established that for the low- 
density concrete, penetration strength 
is directly proportional to compressive 
strength for specimens tested under a 
wide range of density and curing con- 
ditions. 

A calibration curve of Proctor 
strength versus cube strength was de- 
veloped for vermiculite concrete. 


Report on cooperative freezing-and- 
thawing tests of concrete 

Special Report, No. 47, Highway Research 
Board, 1959, 67 pp. 

A program of cooperative freezing- 
and-thawing tests of concrete speci- 
mens was conducted by 13 laboratories 
using the four ASTM tentative methods 
of tests. Three concrete mixes were 
used, involving different aggregates 
and two different air contents. Large 
variations in durability were found for 
the same concrete mix and for tests by 
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the same method, both within and be- 
tween laboratories. It is indicated that 
these were due both to differences in 
the concrete as prepared in the labora- 
tories and in treatment of the speci- 
mens by given test method. 

Results of the cooperative tests indi- 
cate that significant progress has been 
made in improving the freezing-and- 
thawing test methods during the years 
since the earlier Highway Research 
Board programs. This is clearly shown 
by the reduction in coefficient of vari- 
ation within laboratories to than 
% of that obtained previously. How- 
ever, even with the help of statistical 
procedures applied to results of the 
present carefully planned program of 
tests, there remains some latitude for 
difference of opinion as to the over-all 
meaning of the data. This is evident in 
the different sections of the report in 
which different authors, although deal- 
ing with the same test results, place 
somewhat different interpretations on 
their significance. 


less 


Alkalies in cement and the stability of 
concrete (in Russian) 


G. S. Royax, Beton i Zhelezobeton (Mos- 


cow), No. 7, July 1959, pp. 295-299 
Reviewed by D. WarTsTEIN 
A study of the mechanism of the 
alkali-aggregate reaction was recently 
carried out in the Institute for Con- 
crete and Reinforced Concrete. It was 
concluded that the hydrate of calcium 
oxide plays a decisive role in the ki- 
netics and degree of development of 
the corrosive processes in the con- 
crete. The degree of expansion in the 
concrete was found to depend on the 
molecular ratio of R.O in the cement 
to the potentially reactive SiO. of the 
aggregate. The development of corro- 
sion processes may be avoided by the 
addition of active mineral admixtures 
which form compounds with the cal- 
cium hydroxide. A change in the ratio 
of R.O to SiO, either as a significant 
reduction or an increase will also aid 
in localizing the corrosion phenomena. 
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Cement mortars and concretes with 
additions of synthetic resin disper- 
sants 
Georc SILLE and Orro Martrint, Silikat Technik 
(Leipzig), V. 9, No. 11, 1958, pp. 506-5C9 
CERAMIC ABSTRACTS 
May 1959 (Hartenheim) 
The flexural strength of cement mor- 
tars and concrete is inferior to their 
compressive strength; it be 
proved by additions of polyvinylchlor- 
ide and polyvinylacetate 
The best addition for optimum bending 
strength is associated with high shrink- 
age of the mortar on storage in air and 
the formation of cracks; with CaCl 
additions, a faster initial set and higher 
compressive strength may be obtained. 
With synthetic resin mortars, in con- 
trast to cement mortars, the highest 
strengths can be obtained in a dry 
climate, as apparently the gradual 
elimination of water assures the com- 
plete hydration of the cement in the 
synthetic resin mortar. With increasing 
amount of dispersant, synthetic resin 
mortars under water and in moist 
rooms are affected unfavorably and 
event partially destroyed. Applications 
are discussed. 


can im- 


dispersants. 


Flexural and compressive strength 
properties of air-entrained concrete 
with air-cooled blast-furnace slag ag- 
gregate 
D. W. Lewis and Frep Husparp, Proceedings, 
ASTM, V. 58, 1958, pp. 1143-1165 (including 
discussion ) 
AutTHorRs’ SUMMARY 
The coarse aggregates were from 
eight sources having different physical 
properties. One source having aver- 
age physical characteristics was select- 
ed as the “standard” with which the 
other slags are compared in 6-bag 
mixes made with a blend of three air- 
entraining cements. All mixes were 
repeated on three different mixing 
days, and strength tests were conduct- 
ed in accordance with ASTM methods 
at ages of 7, 14, 28, and 90 days, and 
1 year. 
Additional variables of aggregate 
size, cement content, curing condition, 
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and use of portland blast-furnace slag 
cement were studied on mixes with 
the control or standard aggregate. 

The results show no consistent cor- 
relation of strength with physical 
properties of the slag aggregates such 
as unit weight and abrasion loss. With 
constant cement content, the variations 
in aggregate size from *, to 2 in. pro- 
duced essentially the same strengths. 
The *,-in. aggregate concrete had low- 
er strength. Changes in cement con- 
tent from 4 to 8 sacks per cu yd pro- 
duced greater effects on the compres- 
Sive strength than on the flexural 
strengths. Rate of strength gain after 
7 days was greater in compression 
than in flexure, and the compression 
test is indicated to be the more re- 
producible. 

Moist room and _ water-immersion 
curing produced equivalent strengths, 
but exposure to laboratory air after 
24 hr moist curing caused significant 
strength changes. Although lower in 
strength at early ages, the portland 
blast-furnace slag cement was equal 
to the portland blend after 28 days 
curing. 


Long-time creep and shrinkage tests 
of plain and reinforced concrete 


G. E. Troxett, J. M. Rapuakt, and R. E. Davis, 
Proceedings, ASTM, V. 58, 1958, pp. 1101-1120 
AvuTHORS’ SUMMARY 


A comprehensive investigation of 
creep and drying shrinkage of concrete 
has extended over a period of nearly 
30 years. Many of the specimens were 
4-in. diameter unsealed cylinders load- 
ed in compression to 800 psi at 28 days 
and thereafter stored in air at 50 per- 
cent relative humidity. Both creep and 
shrinkage continued during the entire 
period. Eighteen to 35 percent of the 
total creep during 20 years occurred 
in the first 2 weeks of loading and 64 
to 83 percent within 1 year. Fourteen 
to 34 percent of the total shrinkage 
during 20 years occurred in the first 
2 weeks of drying and 66 to 85 percent 
within 1 year. Creep increased with a 
higher water-cement ratio and with 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


February 1960 


a lower aggregate-cement ratio, but 
shrinkage was not appreciably affected 
by either of these variables. Both creep 
and shrinkage of concrete were great- 
er for Type IV than for Type I cement. 
The creep for sandstone concrete was 
more than double that for limestone 
concrete, and the shrinkage of sand- 
stone concrete was more than double 
that for quartz concrete. 

For ages of loading from 28 to 90 
days, the older the specimen at time 
of loading, the the creep. For 
stresses from 300 to 1200 psi, the aver- 
age creep per unit of stress was slight- 
ly greater at the high stresses than at 
the low stresses but for each increment 
of higher stress the corresponding in- 
crement of creep per unit stress was 
significantly greater. The moisture 
conditions of storage had a great effect 
on both creep and shrinkage; the creep 
for storage in air at 50 percent rela- 
tive humidity was about 3 times that 
for storage in water and the shrinkage 
at 50 percent relative humidity was 
about 1.4 times that at 70 percent rela- 
tive humidity and about 8 times the 
swelling for storage in water. For 
specimens having a diameter of 4 to 
10 in. under moist storage, the creep 
decreased as the size of specimen in- 
creased. For the range of conditions 
covered by the investigation, the com- 
bined shrinkage or swelling and creep 
varied from about 1 to 11 times the 
instantaneous deformations. 


less 


Small concrete columns of 2000-psi 
concrete reinforced with 1.9 and 5 per- 
cent of steel, and 4000-psi concrete re- 
inforced with 1.9 percent of steel, were 
stored in air, with corresponding col- 
umns in water, to determine the effect 
of these conditions on the stresses de- 
veloped in the concrete and steel while 
under load. The test results show that 
stress was transferred from the con- 
crete to the steel, until, in a few cases, 
the concrete was actually in tension 
and the steel was stressed to the yield 
point in compression. 
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Influence of various factors on sulfate 
resistance of concretes containing poz- 
zolan 
Mitos Po.ivKa and E:twoop H. Brown, Pro- 
ceedings, ASTM, V. 58, 1958, pp. 1077-1100 
(including discussion) 

AuTHors’ SUMMARY 

Reported are results of a research 
program undertaken to determine the 
effects of several types of exposure 
and periods of curing on the sulfate 
resistance of concrete containing port- 
land cements of high and low C;A 
content with and without pozzolan re- 
placements. The three pozzolans em- 
ployed with each one of the cements 
included calcined shale, fly ash, and 
pumicite. The two sulfate solutions 
used were a mixture of sodium and 
magnesium sulfates and a solution of 
sodium sulfate only. The effects of 
sulfate exposures were judged by sev- 
eral criteria: loss in weight, change in 
length, change in compressive strength, 
and visual observation. 

It is coneluded that the use of a 
high-quality pozzolan in  concretes 
containing high C,A cement will great- 
ly improve their sulfate resistance; 
that the sulfate resistance of a concrete 
containing the plain cement of low 
C;A content is so high that no improve- 
ment through use of pozzolanic re- 
placement is possible; that an extended 
period of curing beyond 28 days has 
little or no effect in improving sulfate 
resistance; that the sodium-magnesium 
sulfate attacks exposed concrete sur- 
faces, causing surface scaling, whereas 
the sodium sulfate tends to penetrate 
into the concrete causing swelling and 
cracking without scaling of exposed 
surfaces; and that the loss-in-weight 
method seems to provide the most 
positive evaluation of potential sulfate 
resistance. 


Variations in portland cement 
STANTON WALKER and Detmar L. BLoem, Pro- 


ceedings, ASTM, V. 58, 


é 5 1009-1043 
(including discussion) 


1958, pp. 


In a study of the cement variable, 
particularly as represented by differ- 
ent shipments from a given source, 


REVIEWS 819 
both mortar and concrete tests were 
made. This report gives the average 
results for the various test conditions. 

Among the conclusions were: (1) 
Shipment - to- shipment variations in 
strength-producing properties of ce- 
ments from five commercial sources 
were large in relation to the varia- 
tions which could be attributed to test- 
ing differences. (2) The variability in 
strength for all five cement sources 
was sufficiently great to be of consid- 
erable importance in controlling the 
strength of concrete. (3) There was 
evidence that differences in strength- 
producing properties of cements were 
directly related to their tricalcium sili- 
cate content. 


On the permeability testing of con- 
crete (Betonin vesitiiviyden tutkimi- 
sesta) 


JuKKA Vuortnen, Rakennusinsinoori 
ki), V. 15, No. 7-8, 1959, pp. 127-132 
AUTHOR’s SUMMARY 


(Helsin- 


After some introductory remarks on 
the need for standardized methods in 
testing the permeability of concrete, 
a brief description of some test meth- 
ods is presented. Parallel tests have 
been carried out with three different 
methods, two of which are being used 
in Finland and one in Sweden. Nine 
concrete mixtures were employed, 
representing different degrees of 
permeability. The results of the in- 
vestigation are presented in tabular 
form and also graphically. Conclusions 
drawn from the test results are further 
supported by theoretical calculations 
of the coefficient of permeability. 


Effects of age and water-cement ratio 
upon the relation between ultrasonic 
pulse velocity and compressive 
strength of concrete 


M. F. Kaptan, Magazine of Concrete Re- 
search (London), V. 11, No. 32, July 1959, 
pp. 85-92 
AvuTHOR’s SUMMARY 
Experiments have been made on 
concretes with varying aggregate- 
cement and water-cement ratios, with 
the main object of ascertaining the 
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effects of changes in age and water- 
cement ratio on the relation between 
ultrasonic pulse velocity and the com- 
pressive strength of concrete. It was 
found that the ratio of changes in pulse 
velocity and compressive strength due 
to a change in water-cement ratio is 
not generally the same as that due to 
a change in age. Because of this, the 
relation between pulse and 
strength cannot be ex- 
pected to be independent of age and 
water-cement It appears, how- 
that, for compressive strengths 
up to about 4000 psi, the relation may 
for practical purposes be regarded as 
being so. For concrete of the same ag- 
gregate-cement ratio, it was found that 
low pulse velocity at an early age pre- 
dicts low strength at later ages. 


velocity 
compressive 


ratio. 
ever, 


Mixing time of concrete—Technological 
and economic aspects (in Hebrew) 


R. SHALON and R. C. Rernitz, Research Pa- 
per No. 7, Building Research Station, Tech- 
nion, Israel Institute of Technology (Haifa), 
1958, 68 pp. 

AvuTHORS’ SUMMARY 


In the first part of this study, the 
effect of mixing time on the strength 
and variability of concrete was exam- 
ined. 

Batches of plastic concrete with ce- 
ment contents of 200 and 300 kg per 
cu m were tested. It was established 
that up to 1 min mixing time affects 
the strength of the concrete and par- 
ticularly its variabiltiy, while longer 
mixing produces no significant im- 
provement in either uniformity or 
strength. The cement contents re- 
quired, as function of mixing time, for 
the various types of concrete used in 
reinforced concrete 
Israel, are given 
grams. 

In the second part, the methods of 
concrete production used in various 
types of construction work in different 
regions of Israel were studied. 


construction in 
in tables and dia- 
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peratures in concrete structures with 
particular reference to some recent 
construction in frozen ground 


J. D. Geppes, Bulletin No. 11, Department of 
Civil Engineering, King’s College, University 
of Durham, Mar. 1958, 43 pp., 2/6d 


Prediction 


Considers briefly some of the effects 
of temperature on concrete, proceeds 
to describe methods of measurement 
and prediction, and concludes with a 
description of a recent investigation 
in which such procedures were adopt- 
ed. 

Details are given of the concreting 
of a colliery shaft in water-bearing 
ground which had been frozen as a 
construction expedient. The study of 
the variation of temperature with time 
in the reinforced concrete shaft lining, 
2 ft 9 in. thick and 22 ft internal diam- 
eter, conifrmed the method of cal- 
culation of temperatures. 


Effect of fine aggregate characteristics 
other than grading on strength and 
durability of portland cement mortar 
Joun G. Dempsey, Proceedings, ASTM, V. 
58, 1958, pp. 1121-1142 (including discussion) 

AUTHORS SUMMARY 

The effect on mortar strength and 
durability of the characteristics of fine 
aggregate other than grading is exam- 
ined through tests of sand-cement 
mortars made at equal water-cement 
ratio and containing enough sand so 
that consistency is the same for all 
batches. 

The investigation is divided into six 
sections: (1) mechanical analysis and 
regrading to the test standard; (2) 
classification under the microscope of 
each size fraction as to edge, surface, 
and shape characteristics; the particle 
shapes were used to approximate the 
surface area of the sample; (3) prepa- 
ration of mortar samples in accordance 
with ASTM C87 for measuring the 
mortar making characteristics of sand; 
(4) computation of thickness of the 
film of water surrounding each solid 
particle in the mixture and thickness of 
the film water and cement slurry sur- 
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rounding each sand particle; (5) meas- 
urement of tensile and compressive 
strength, volume change after 28 days 
of wet curing and a subsequent 28 days 
shrinkage in laboratory air; (6) meas- 
urement of durability in terms of slow 
freezing in air and thawing in water 
and the computation of a 
durability factor.” 

The investigation indicated that the 
cement factor of a cement-sand mortar 
varies with the roughness, sharpness, 
and regularity of the surfaces of a 
natural sand with a fixed gradation, 
while strength and durability do not 
vary proportionally with 
of cement. 


“relative 


necessarily 
the 

Some question is raised concerning 
the relative durability of manufac- 
tured sand as compared to the natural 
product. However, the tests confirm 
the water requirement, and that the 
generally accepted shape and surface 
factors have definite significance 
defining sand of superior quality. 


amount 


in 


Effect of rate of loading on some me- 
chanical properties of concrete 


R. H. Evans, Proceedings, Conference on 

Non-Metallic Brittle Materials, 1958, pp. 175- 
190; discussion, pp. 190-192 

Roap ABSTRACTS 

June 1959 


are given of tests on the 
and behavior of concrete 
and other building materials subjected 
to rapid rates of loading. Consideration 
is given to the differences in values 
obtained for modulus of elasticity by 
static and by dynamic tests and to the 
modulus values of some materials for 
low stresses. 


Results 
properties 


Delayed screeding of concrete 
E. N. Martison, Constructional Review (Syd- 
ney), V. 32, No. 7, July 1959, p. 30 

Brief report indicating an increase 
in strength of concrete specimens of 
from 11 to 42 percent obtained by de- 
laying screeding for 3 hr after place- 
ment of the concrete. 
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Cement content as 2 factor in the cor- 
rosion of reinforcement 
Ranet SHALON, Architectural Science Review 
(Sydney), V. 2, No. 2, July 1959, pp. 77-81 
From chemical data, author finds 
that ordinary mortar and concrete are 
sufficiently alkaline to inhibit 
sion of steel in reinforced concrete in 
the absence of salts. Further, that ce- 
ment content has practically no effect 
on the alkalinity of mortar and con- 
crete. Author concludes that the effect 
of cement content on rate of rusting 
of reinforcement should not be over- 
estimated, and that the content gen- 
erally called for by strength require- 
ments is sufficient to protect the re- 
inforcement, provided the concrete is 
well graded and of adequate consist- 
ency to surround and the 
reinforcement properly. 


corro- 


envelope 


Creep and shrinkage in lightweight 
concrete 


Truman R. Jones, Jr., 
Proceedings, Highway 
38, 1959, pp. 74-89 


J. Hrrscn, 
Vv. 


and Teppy 
Research Board, 


AvuTHoRS’ SUMMARY 

Data are given for a large number 
of laboratory investigations that have 
been made on creep and shrinkage in 
structural quality lightweight aggre- 
gate concrete. The aggregates are un- 
coated expanded shale and a clay 
produced in Texas by the rotary kiln 
process. A study is made of the effects 
of variations in the type of cement and 
the cement content, the type of aggre- 
gate and the aggregate gradation, wa- 
ter content, air content, mixing time, 
age at time of loading, level of sus- 
tained compressive stress, and expos- 
ure conditions. A comparison is made 
between values obtained from labora- 
tory specimens and from a full scale 
prestressed concrete bridge, having 
one span of lightweight concrete and 
one span of sand-gravel concrete. Rec- 
ommendations are made for applying 
laboratory data to design conditions. 
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Investigation of compressive strength 
of molded cylinders and drilled cores 
of concrete 

W. O. Tynes and Bryant Martner, Technical 
Report No. 6-522, U. S. Army Engineer Water- 
ways Experiment Station, Aug. 1959, 26 pp., 
aca AvutTHors’ SUMMARY 

The investigation was made primari- 
ly to determine relations between 28- 
day compressive strengths of 6 x 12-in. 
cylinders molded from concrete mix- 
tures from which aggregate larger 
than 1% in. had been removed and 
that of 6, 8, and 10 in. diameter cores 
drilled from test structures containing 
3- and 6-in. aggregates and having a 
height equal to twice the diameter. 
Results showed that estimates of 28- 
day compressive strength based on 
tests of either type sample will not be 
significantly different; however, the 
smaller the core diameter, the greater 
the number of cores needed to produce 
results of a given precision. 

Effect of curing temperature on com- 
pressive strength was studied by com- 
paring strengths of field- and labora- 
tory-cured cylinders. Results showed 
that concrete cured at lower tempera- 
tures (field) has a lower compressive 
strength than that cured under stand- 
ard (laboratory) conditions. 

An appendix describes another sim- 
ilar study which produced similar re- 
sults. 


High speed fatigue tests on small 
specimens of plain concrete 
B. M. AsstmmacopouLos, Rosert F. WARNER, and 
Cart E. Ecxserc, Jr., Journal, Prestressed 
Concrete Institute, V. 4, No. 2, Sept. 1959, pp. 
53-70 

A brief description is given of the 
method of determining the fatigue 
strength of prestressed concrete beams 
based on separate fatigue failure en- 
velopes for the concrete and high 
strength steel. The importance of fa- 
tigue tests on specimens of plain con- 
crete and steel is thus emphasized. 

The main portion of the paper de- 
scribes a series of pilot fatigue tests 
on 2 x 4-in. cylinders of plain concrete 
which were conducted at speeds of 
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9000 and 500 cycles per min. The re- 
sults of the tests are presented as S-N 
curves and as fatigue failure envelopes 
for 500,000, 1,000,000 and 2,000,000 
cycles. 


The authors feel that the experi- 
mental work developed in this paper 
has resulted in the development of a 
satisfactory technique for high speed 
fatigue testing of small concrete cyl- 
inders. On the basis of a limited num- 
ber of test results they make the fol- 
lowing conclusions: (1) No effect of 
rate of loading on fatigue strength was 
observed. (2) The test data was sub- 
stantially in agreement with the fa- 
tigue envelope for concrete as shown 
in one diagram. (3) Fatigue failure in 
the specimens tended to occur in the 
cement paste and at the surface of 
bonding between aggregate and paste, 
rather than in the aggregate itself. 


Structural Research 


Recent research on deformed reinforc- 

ing bars 

A. W. Hut and K. Hasnat-Kownvyr, 

inforced Concrete Review 

No. 1, Mar. 1956, pp. 49-57 
Reviewed by WILLIAM R. LORMAN 


The Re- 
(London), V. 4, 


This is a continuation of the discus- 
sion of a previous paper bearing the 
same title and reviewed in the ACI 
JOURNAL, V. 30, No. 12, June 1959 (Pro- 
ceedings V. 55), p. 1324. On completion 
of tests by the Cement and Concrete 
Association, in progress at the time 
the previous paper was presented, Hill 
furnished Hajnal-Konyi the resultant 
test data for study and analsyis. The 
intepretation of the CACA information 
deals with (1) steel stresses at first 
cracking, (2) maximum crack widths, 
and (3) preventing corrosion of steel 
reinforcement in concrete structures. 


Redistribution of design bending mo- 
ments in reinforced concrete continu- 
ous beams 


Atan H. Mattock, Proceedings, 

of Civil Engineers (London), V. 

1958-59), May 1959, pp. 35-46 
Reviewed by Aron L. Mirsky 


Institution 
13 (Session 


Two series of two-span continuous 
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beams were tested. The first series 
consisted of four specimens designed 
for the same working load but with 
various distributions of design bending 
moment, while the second series, of 
three beams, simulating secondary 
beams in a reinforced concrete frame 
structure, had one beam designed for 
the bending moment predicted by elas- 
tic theory and two (one reinforced 
with mild steel and one with work- 
hardened square twisted steel) de- 
signed for a 25 percent reduction in 
negative moment at the support with 
commensurate increase in positive mo- 
ments in the spans. It was found that 
arbitrary redistribution of design bend- 
ing moments up to 25 percent does not 
adversely affect the performance of 
the beams, either in the working-load 
range or at failure. 

See also author’s paper, “Limit De- 
sign for Structural Concrete,” Journal, 
Research and Development Labora- 
tories, Portland Cement Association. 
V. 1, No. 2, May 1959, pp. 14-24. 


Effect of structural reinforcing on vi- 
brational behaviors of a fire-damaged 
reinforced concrete building 


TOSHIHIKO 
Se1s1 TAKENOUCHI, Proceedings of Symposium 


Hisapa, Kyost NaKacawa, and 


on the Failure and Defects of Bridges and 

Structures, Japan Society for the Promotion 

of Science, Tokyo, Dec. 1958, pp. 80-89 
AvutTHors’ SUMMARY 


A five-story reinforced concrete 
building damaged by fire was repaired 
and at the same time the building was 
reinforced with earthquake resistant 
diaphragms (walls). Forced vibration 
tests were carried out before and after 
the reconstruction to investigate its 
effects on dynamic characteristics of 
the structure. 


Comparison of the behavior of con- 
crete beams under static and dynamic 
loading 


J. J. Trotr and E. N. Fox, Magazine of Con- 

crete Research (London), V. 11, No. 31, Mar. 
1959, pp. 15-24 

HIGHWAY RESEARCH ABSTRACTS 

Sept. 1959 


Describes preliminary experiments 
to determine whether or not the rate 
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of loading significantly affects the me- 
chanical properties of concrete beams 
tested in flexure. Two rates of loading 
were used: 5 x 10° in. per in. per sec, 
the rate employed in normal mechan- 
ical tests; about 6 x 10° in. per in. per 
sec when the beams were tested under 
impact conditions. 

This change of the rate of loading 
produced the following results: The 
load of fracture rose from static val- 
ues of 749 and 792 lb to dynamic val- 
ues of 990, 1050, and 1115 lb; the strain 
at fracture rose from static values of 
185 and 243 x 10° in. per in. to 200, 
287. and 293 10° in. per in. under 
impact conditions 

The approximately linear portion of 
the load-strain line became curved at 
dynamic strains of 130 and 180 10° 
per in. compared with static values of 
69 and 85 x 10” in. per in.—the cor- 
responding loads were 720 and 900 Ib 
compared with static values of 395 and 
530 Ib. 

If the onset of cracking is associated 
with the departure from linearity of 
the stress-strain curve, it appears that 
increase in the rate of loading marked- 
ly affects the strain at which cracking 
begins. 


Relation between the strains in the 
concrete and the steel in reinforced 
and prestressed concrete beams 
R. H. Evans and ALan WILLIAMs, Magazine 
of Concrete Research (London), V. 11, No 
32, July 1959, pp. 55-64 

AvuTuHors’ SUMMARY 

Information, obtained by x-ray pho- 
tography, is presented on the strains 
in the steel and concrete and on the 
slip occurring in concrete beams re- 
inforced or prestressed with various 
types of bar and wire. 

An expression is derived relating 
strain in the steel, virtual strain in the 
concrete, and slip at the steel-concrete 
interface. A comparison is made be- 
tween strains in the concrete at the 
interface and at the surface. It is found 
that, for reinforced concrete beams, 
the strain at the surface is lower than 
the strain in the interior. 
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The strain in the steel at the section 
of failure is compared with the aver- 
age surface strain in the concrete at 
the level of the steel. The influence of 
several factors on this ratio is dis- 
cussed. It is found that the ratio of 
the strain in the steel to the average 
strain in the concrete has a value 
greater than unity for reinforcement 
with good bond characteristics and 
that the ratio increases as loading in- 
creases and when the section of fail- 
ure occurs at a peak in the bending 
moment diagram. 


General 


Temperature measurements with ther- 
mistors in concrete 


Knup E. C. Nretsen, Bulletin No. 34, Swedish 
Cement and Concrete Research Institute at 
the Royal Institute of Technology (Stock- 
holm), 1959, 44 pp., 8Kr. 


AUTHOR’s SUMMARY 


Deals with the uses of thermistors 
(thermally sensitive resistors) for tem- 
perature measurements in the interior 
of concrete as well as for temperature 
measurements, automatic temperature 
recording, and automatic temperature 
contro] in laboratory equipment. The 
general properties of thermistors and 
the accuracy in measurements are 
studied. The stability is the subject 
of a special investigation. The prac- 
tical design of thermometers and ac- 
cessory measuring equipment is de- 
scribed. Four examples of application 
of thermistors at the Swedish Cement 
and Concrete Research Institute are 
given. 


Concreting plant, machinery and tools 


E. U. Broapsent, The Reinforced Concrete 
oo (London), V. 4, No. 1, Mar. 1956, pp. 


Reviewed by W1LL1aAM R. LorMAN 


This contribution pertains to the 
comparative advantages of various 
components of a small-size central 


weigh-batching and mixing plant. The 
author stresses the need for accurate 
water metering systems and advocates 
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the use of a high discharge-rate type 
of concrete mixer. The article ends 
with a discussion of the relative merits 
of various finishing machines. 


National fire codes. V. ill—Building 
construction and equipment 


National Fire Protection Association, Boston, 
1959, 784 pp., $7. 

The National Fire Codes are com- 
pilations of standards devloped by the 
National Fire Protection Association. 
In most cases the form of the standards 
is such as to make them suitable only 
for advisory use but some of the 
standards have been prepared in the 
form of model ordinances or have been 
otherwise arranged to make them suit- 
able for regulatory purposes. Each 
standard deals with a single feature 
or a group of related features of the 
over-all fire protection problem. These 
standards are intended as a guide and 
aid in the solution of problems in fire 
safety providing recommendations to 
be applied with some judgment rather 
than as arbitrary rules. The standards 
themselves do not generally explain 
the reasoning on which their provi- 
sions are based or the actual fire ex- 
perience which has demonstrated the 
need for various protective measures. 


This volume presents 33 NFPA 
standards in the field of building con- 
struction and equipment. It is not a 
building code though much of the ma- 
terial herein will be found useful in 
connection with the drafting and ap- 
plication of building codes. The stand- 
ards should be applied with due recog- 
nition of the fact that safe building 
construction and equipment per se 
may not be the complete answer to 
any individual fire problem and that 
the control of fire hazards, extinguish- 
ing and alarm equipment, and other 
features covered in other volumes of 
the National Fire Codes should also 
receive consideration. Model building 
codes are discussed in an introductory 
section, before specific items are cov- 
ered. 
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12th Regional Meeting Report— 
Varied Program 


Featured in 
Mexico City 


ALTHOUGH THE HISTORY of the past was evi- 
dent, the technologies of today and tomorrow 
predominated at the ACI 12th Regional Meet- 
ing in Mexico City, Nov. 2-5, 1959. The meeting 
attracted more than 350 registrants from Mexi- 
co, South and Central America, and the United 
States. 

Mexico City has an impressive history pre- 
served in its architecture. Impressive skyscrap- 
ers have shot up next to ancient churches, mon- 
asteries, and colonial palaces. Wide boulevards 
intermingle with narrow, winding streets. It 
was in this busy up-to-date metropolis, that 
preserves its old world flavor, that the ACI 12th 
Regional Meeting reviewed recent concrete con- 
struction progress and previewed the structures 
of tomorrow. 

The technical sessions were held in the Col- 
lege of Engineering building at Ciudad Univer- 
sitaria (University City), while various tours 
took ACI members as far afield as Xochimilco 
and Cuernavaca. 

University City, the pride of modern Mexico, 
is probably the largest university center in the 
world and also one of the most beautiful. It is 
set in Pedregal, an immense lava flow that cov- 
ered the valley of Mexico thousands of years 
ago. This setting, with its backdrop of modern 
architecture and structural engineering, proved 
ideal for a program that included speakers from 
Mexico, Cuba, United States, and Germany. 





2 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


PROGRAM SUMMARY 

A full 3 days were devoted to techni- 
cal sessions covering a wide range of 
subjects. Design and construction of 
concrete shells, as well as research, re- 
ceived attention. Various aspects of 
prestressed concrete were covered, in- 
cluding European construction, bridges, 
arches, pipe, power poles, and railroad 
ties. Deep beams and shear investiga- 
tions of beams and frames without web 
reinforcement were discussed. Shear 
walls in tall buildings and folded plate 
raft foundations were other topics. 

The relationship between research, 
building codes, and design practice was 
presented. Concrete technology in wa- 
ter resources development was re- 
viewed. One complete session was de- 
voted to reinforcing steel, particularly 
as it applied to Mexican construction. 
Other papers were devoted to build- 
ing with precast thin shell panels, con- 
crete dams and foundation grouting, 
ready-mixed concrete in Mexico, and 
the alkali-aggregate reaction. 

“Extra curricular” in a sense, but 
still an inherent part of the technical 
program, were the luncheons and tours 
during the meeting. These included an 
inspection of the facilities of Univer- 
sity City, with particular emphasis on 
the Institute of Engineering facilities 
and laboratory. There was also a visit 
and picnic luncheon at the Xochimilco 
floating gardens and a visit and lunch- 
eon at the new Bacardi plant now un- 
der construction about 20 miles outside 
Mexico City. After the technical pro- 
gram, various tours were available to 
registrants on Friday, November 6, 
which gave visitors an opportunity to 
inspect design and construction fea- 
tures on various types of structures 
and foundations. 

Firms supplying materials, equip- 
ment, and services used in various 
fields of civil engineering also partici- 
pated in an exhibition with displays 
of products in the Engineering Build- 
ing at University City. 
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ADDED ATTRACTIONS 

In addition to the luncheons and 
tours, there was the welcoming social 
hour on Monday evening, November 2, 
and the dinner dance on Thursday eve- 
ning, November 5. 

While the technical sessions were in 
progress, the local committee also or- 
ganized an interesting and busy sched- 
ule for the ladies. This included a visit 
to the National Palace and National 
Museum of Mexico; a tour of shopping 
centers in down-town Mexico City and 
typical silver and leather shops; and 
the Nacional Monte de Piedad (Charity 
Pawnbroker Institution). The ladies al- 
so visited houses in the Village of Ob- 
regon and saw the Tenayuca Pyramid 
on the outskirts of Mexico City. In ad- 
dition to luncheons at University City 
and Xochimilco floating gardens, the 
ladies breakfasted one day at the Ter- 
race of Chapultepec Castle and visited 
the museum there. Visits were also ar- 
ranged to the Museum of Religious Art, 
the Metropolitan Cathedral, and the 
Shrine of Guadalupe. 


ORGANIZING COMMITTEE 

Alberto Dovali Jaime, consulting en- 
gineer, was general chairman of the 
organizing committee with Adolfo 
Zeevaert, consulting engineer, serving 
as secretary. Antonio Robles, Jr., Ce- 
mento Mixcoac, served as treasurer 
and Luis Flores Arias, civil engineer, 
was in charge of finances. 

The technical program was under 
the direction of Leonardo Zeevaert, 
consulting engineer, and technical in- 
spection trips were under the direction 
of architect Felix Candela. 

Credit is also due to Francisco Santos 
Oliva, consulting engineer, educational 
contacts; Enrique Torres de Alba, civil 
engineer, publicity; Alfonso Marin E., 
civil engineer, membership promotion; 
A. Pardo Bolland, civil engineer, ex- 
hibits and displays; Rafael Hernandez 
y Hernandez, civil engineer, social 
events; and Mrs. Marcela Castro Villa- 
grana de Hernandez, ladies’ program. 
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TECHNICAL PROGRAM 


The technical sessions were opened 
officially on Tuesday morning, Novem- 
ber 3, by Alberto Dovali Jaime. 

The papers, presented in either Span- 
ish or English, are summarized briefly 
in this News LetTrTer. It is anticipated 
that many of these will be submitted 
for possible publication in the ACI 
JOURNAL and that many will also be 
published in Spanish in Ingenieria, the 
official publication of Escuela Nacional 
de Ingenieria, Universidad Nacional 
Autonoma de Mexico. 


Stress analysis of the hyperbolic paraboloid 
treated as a translational shell (Analisis de 
esfuerzos en el parboloide hiperbolico consider- 
ado como superficie de translacion) 


Jorge Molina Montes and Ignacio Canals N. 


A hyperbolic paraboloid was treated 
as a translational surface, permitting 
an easier evaluation and determination 
of the functions determined by the 
boundary conditions. Based on the skin 
theory developed by Pucher, formulas 
were derived for obtaining stresses act- 
ing on the surface. Tnese were com- 
pared with those obtained by other 
authors (Aimond, Candela, and others). 
Border conditions were briefly re- 
viewed. A practical example was pre- 
sented. 


The velaria, its analysis and design (la velaria, 
su analisis y diseno) 


Ignacio Canals N. and Guillermo Gargollo 


The “Velaria” (warped _ surface), 
which can be defined as the surface 
that a membrane adopts under exter- 
nal forces, was treated briefly. The 
equation for such a surface limited by 
stiff members forming a rectangle and 
under a uniform distributed load was 
derived. The stresses on the membrane 
were analyzed and a study was made 
of the variation of these stresses, as 
the surface varies, due to slope of the 
membrane at the borders, etc. Formu- 
las for the computation of these stress- 
es were presented and several numeri- 
cal examples reviewed. 


Deep beams (Trabes aperlatadas) 


Elihu Geer, professor and chairman, Department 
of Civil Engineering, University of Detroit, Detroit 


The deep beam theory is in contrast 
with the usual flexural theory in that 
it is mainly one of distributing a lo- 
calized force. One unusual] feature of 
deep beams, discovered in the course 
of this investigation, was that the great- 
est tensile stress occurs not at the mid- 
span but near the face of the support. 
Another interesting feature was that 
maximum stresses are a function of 
the magnitude of the load and not its 
location, e.g., the stresses caused by a 
load at the center of the beam are al- 
most of the same magnitude as when 
the load is placed near the support. 
This study was limited to deep beams 
whose height was at least 0.5 of its 
clear span. (This paper was published 
in the January 1960 ACI JOURNAL.) 


“Dywidag” prestressed concrete 
esforzado “‘Dywidag”’) 


Ulrich Finsterwalder, technical director, Dyckerhoff 
& Widmann K. G., Munich, Germany 


(Concreto pre- 


Various prestressed concrete struc- 
tures were described and illustrated. 
The projects included bridges, auditori- 
ums, water towers, and also covered 
such details as cast-in-place and pre- 
cast construction, prestressing tech- 
nique, materials control, and some de- 
sign and construction analyses and de- 
tails. 


Prestressed concrete bridge construction in Mex- 
ico (La construccion de puentes de concreto 
preesforzado en Mexico) 


Vicente Guerrero y Gama 


Probably one of the main factors en- 
couraging the design of prestressed 
highway and railway bridges in Mexi- 
co is the shortage of structural steel 
and the high relative cost. About 35 
percent of the structural steel consumed 
in Mexico is imported. 


The first prestressed concrete bridge 
in Mexico was built in 1952, with a 
total length of 175 m. From 1956 to 
date, prestressed concrete bridges have 
been built at an increasing rate and, at 
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the same time, steel bridges have prac- 
tically disappeared on highway proj- 
ects. In fact, for spans longer than 25 m 
even the use of reinforced concrete has 
decreased in favor of prestressed con- 
struction. 


Elastic analysis of shear walls in tall buildings 
(Analisis elastico de muros rigidos en edificios 
altos) 


Emilio Rosenblueth and Ignacio Holtz, respective- 
ly, director, Institute of Engineering, University 
of Mexico, and structural designer, Diseno Ro- 
cional, A. C. (DIRAC), Mexico City 

Often the moment-resisting frame of 
a tall building is supplemented by 
shear walls running the full height of 
the building. Under lateral loads, inter- 
action between the shear walls and 
frames, due to flexural deformations of 
the walls, leads to complex analytical 
problems. These are amenable to an 
approach by successive approximations 
similar to that of beams on elastic 
foundations. If the building is fairly 
regular a good first approximation re- 
sults from the solution of a differential 
equation based on the assumption of 
complete uniformity. The solution was 
given as a set of graphs. The authors 
applied the method to one particular 
example and found that the first ap- 
proximation was quite good. A numeri- 
cal method was set up to systematize 
successive cycles of iteration and it was 
found that extrapolation from the first 
two cycles supplied almost exact re- 
sults. 


Prestressed precast concrete arches span 102 ft 
6 in. for industrial roof (Arcos de concreto pre- 
colados y preesforzados de 31.24 m de claro para 
un techo industrial) 

E. R. Cancio and A. Herrera, Saenz-Cancio-Mar- 


tin-Gutierrez, Ingenieros-Arquitectos, 
Cuba 


Havana, 


The solution adopted for the struc- 
tural design of an industrial building 
in Havana, to meet special manufactur- 
ing and esthetic requirements, was de- 
scribed. The solution consisted of pre- 
stressed joints and tied arches having 
spans up to 102 ft 6 in. Prefabrication 
was used to a large extent. The pre- 
faoricated, two-hinged tied arches were 
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described in detail. Unit costs were al- 
so given. 


Prestressed pipes and prestressed power poles 
(Tubos y postes preesforzados) 


R. J. Sweitzer, director of research, Lock Joint 
Pipe Co., Wharton, N.J. (Presented by Mr. Tisca- 
reno, Lock Joint Pipe Co. de Mexico) 


Manufacturing techniques and appli- 
cations were described for both pre- 
stressed pipe and prestressed power 
poles. Details were given on tests on 
the prestressed concrete poles and tests 
on prestressed concrete embedded cyl- 
inder pipe were summarized. The poles 
were of lattice design and can be pro- 
duced in lengths up to 50 ft. 


Multi-purpose concrete building built of precast 
thin-shell panels (Edificio de concreto para usos 
multiples construido de cascarones en tableros 
precolados) 


Arsham Amirikian, special structures consultant, 
Bureau of Yards and Docks, Department of the 
Navy, Washington, D. C 

An assembly of simple precast pan- 
els, connected together by bolts and 
welded inserts, provides the structural 
framing of a single-story gable-roof 
building, suitable for many uses. The 
panels are ribbed type, consisting of a 
thin slab and peripheral stiffening 
members. Arranged for 4-ft modular 
framing, two pairs of panels—one pair 
placed in the roof and the other in the 
sidewalls—compose a building segment 
4 ft wide. 

Currently the concept is being util- 
ized in the development of a series of 
framings for a large-scale project. In- 
cidental to this application, some prob- 
lems of framing arrangement, design, 
assembly, and jointing were discussed. 
Information was also given on strength 
tests and service behavior of an experi- 
mental building of these panels. 


Hyperbolic paraboloidai umbrella shells under 
vertical loads (Cascarones paraboloide hiperboli- 
cos tipo sombrilla, de concreto reforzado) 


Howard P. Harrenstien, 
civil engineering, 


assistant professor of 
lowa State University, Ames 
Tests were performed on two rein- 
forced concrete hyperbolic paraboloidal 
umbrella shells. The shells were sub- 
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jected to a concentrated load at vari- 
ous selected points, and _ resulting 
strains were observed. Stresses corre- 
sponding to these strains were deter- 
mined, and the results were presented 
in the form of stress contours for each 
of nine selected load points. Superpo- 
sition methods were presented which 
predict the final stresses in an appro- 
priate umbrella shell when it is sub- 
jected to any vertical loading provided 
the stresses remain within the propor- 
tional limit, and provided that deflec- 
tions are small. 


Folded plate raft foundation for 24-story build- 
ing (Diseno de una trabe—Losa corrida de con- 
creto para cimentacion de un edificio) 


Ignacio Martin 


Martin-Gutierrez, 
Cuba 


and Sixto Ruiz, Saenz-Cancio- 
Ingenieros-Arquitectos, Havana, 


The folded plate raft foundation of a 
24-story building 308 ft high was de- 
scribed. The influence of the subsoil 
conditions and the wind load were dis- 
cussed. Costs were compared for a 
standard beam and slab raft foundation 
and the folded plate raft foundation. 
(This paper was published in the Au- 
gust 1959 ACI JouRNAL.) 


Behavior and strength in shear of reinforced con- 
crete beams and frames without web reinforce- 
ment (Comportamiento y resistencia al esfuerzo 
cortante de vigas y marcos rigidos de concreto 
sin refuerzo en el alma) 


Roger Diaz de Cossio Instituto de Ingenieria, 
Universidad Nacional Autonoma de Mexico, Mex- 
ico City, and Chester P. Siess, professor of civil 
engineering, University of Illinois, Urbana 


Forty-nine simply-supported beams 
and 24 frame members were tested un- 
der different combinations of loading. 
These included: two-point loads, mid- 
span concentrated loads, uniform load, 
and axial load. The frames and 18 
simply-supported beams were tested 
under uniform load. Ten of the beams 
under midspan concentrated loads were 
tested with an axial load of 20 kips. 
Other variables were concrete strength, 
steel percentage, and span length. The 
tests were discussed and correlated. 
The use of the inclined tension crack- 
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ing load as a measure of the useful 
shear strength of the members was ad- 
vocated, and a procedure given for its 
determination. (The paper is published 
in this month’s JOURNAL.) 


General formulas for membrane stresses in hy- 
perbolic paraboloidical shells (Formulas generales 
para esfuerzos de membrana en cascarones for- 
mados por paraboloides hiperbolicos) 


Felix Candela, architect, Mexico City 


This general set of formulas gave the 
membrane stresses in a _ hyperbolic 
paraboloid loaded with its own weight 
but disposed in an arbitrary position 
in space, that is, when the load has 
components along the three axes of the 
hyperbolic paraboloid (hypar). The 
better known formulas for the hypar 
with its z axis in a vertical position 
can be obtained as particular cases of 
this more general set of equations. 


Research, building codes, and engineering prac- 
tice (Relacion entre investigacion y especifica- 
ciones y el efecto de estos en la practica de 
diseno) 


Chester P. Siess, professor of civil engineering, 
University of Illinois, Urbana 


The function of research and prac- 
tice as sources of knowledge and the 


utilization of this knowledge in the 
preparation of codes or specifications 
were considered from a _ philosophical 
and historical point of a view. Exam- 
ples drawn from current or past ACI 
Building Codes were cited to illustrate 
the roles played by research and by en- 
gineering practice in the drafting or 
revision of codes. 


Mexican high strengths steels for concrete re- 
inforcement (Aceros Mexicanos de alta resistencia 
como refuerzo del concreto) 


Luis Gimenez Cacho, manager, 
mados, S. A., Mexico City 


Barras Perfor- 


The development and introduction of 
high strength steels in Mexico was 
commented on and the characteristics 
of cold twisted versus hot rolled steels 
was discussed. Several types of de- 
formations in use in Mexico were de- 
scribed and the term “unitary cross 


sectional area” was introduced as a 
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Reinforced CONCRETE Arches 


Support Luxury Apartment Building 


Proving that you can do the unusual 

with reinforced concrete is this lux- 

ury apartment building designed by 

Tasso Katselas. In this design, the 

entire first floor is supported direct- 

ly on reinforced concrete arches 
which serve as an open colonnade leading to 
stairways and elevators. At ground level, the 
arches also support reinforced concrete col- 
umns extending the full height of the build- 
ing, from which flat slab floors with continu- 
ous cantilevers extend around each side of the 
structure. 


Only with reinforced concrete can you achieve 
such freedom of design. Before you build any 
type of building, investigate this more flexible 
medium of construction. 


Concrete Reinforcing Steel Institute 
38 South Dearborn St., Chicago 3, II]. \G/ 


Neville House Apartments, 

Pittsburgh, Pa. 

Architect: Tasso Katselas, Pittsburgh, Pa. 
Structural Engineers: Gensert, Williams 
& Associates, Cleveland, Ohio 
Contractor: Gratziano Construction 
Company, Pittsburgh, Pa. 

Photos by Jay-Bee Studios 
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basis for comparison of deformations. 
Main advantages of the use of high 
strength steels were indicated as well 
as some of the limitations. 


Special reinforcing steel for concrete (Aceros de 
refuerzo para concreto) 


Cia. Fundidora de Fierro y Acero de Monterrey, 
3. A. 


Reinforcing steel as developed and 
used in Mexico was discussed in detail. 
Particular attention was paid to manu- 
facturing processes and techniques. 


Cold twisted steel produced in Mexico (El acero 
torcido en frio que se produce en Mexico) 


Max Calva Cuadrilla, Aceros Ecatepec, S. A. 


Material specifications, fabrication, 
and research on cold twisted steel were 
discussed. The physical characteristics 
of the steel wire explained and design 
tables from different countries. for this 
type of steel, were illustrated. 


Recent developments in cement grouting used in 
the construction of dams (Recientes adelantos en 
el inyectado con cemento aplicado a la cimen- 
tacion y construccion de las presas) 


A. Warren Simonds, consulting engineer, Denver 


A specific example of the modern 
practices of cement grouting, the re- 
cently completed grouting program at 
Monticello Dam, was described. 

Pressure grouting is the process of 
injecting suitable cementitious slurries 
or similar materials into inaccessible 
places such as the underlying forma- 
tions of foundations of structures for 
the purpose of sealing seams, cracks, 
and fissures, or filling voids. While the 
principal use of this process is to fill 
openings in a structural mass and rend- 
er it impervious to percolating water, 
it is used also to improve the strength 
and elastic properties of the material 
into which it is injected. This process 
has been used extensively in the con- 
struction of a variety of structures such 
as dams, buildings, and tunnels. 


Grouting to improve the foundations of dams in 
Mexico (Inyectado para el mejoramiento de la 
cimentacion de las presas en Mexico) 


Aurelio Benassini and Federico Barona de la O, 


LETTER 


respectively, chief engineer and materials engi- 
neer, Ministry of Hydraulic Resources, Mexico 
City 

Information given referred to the 
grouting techniques used in the con- 
struction of some important dams. Data 
on Mexican dams were compared with 
some of the dams built abroad. Some of 
the different problems encountered in 
some of the dams built in Mexico were 
discussed, specially in the case of El 
Marques Dam where the fissured lime- 
stone formation constituted a difficult 
problem that was solved by the use of 
some special techniques. Reference was 
also made to five other concrete dams 
that presented technical features of spe- 
cial interest. 


Ready-mixed concrete (Concreto premezciado) 


Livio Pontecorvo 


Statistics were given on the produc- 
tion of ready-mixed concrete in Mexico 
and plant operations were described. 


Rigid prestressed concrete railroad tie for Mexico 
(Un durmiente de concreto precomprimido tipo 
rigido para Mexico) 

Alberto Dovali 
ico City 


This paper discussed Mexico’s rail- 
road tie supply problem. The govern- 
ment is studying the possibility of using 
concrete ties rather than wood. A type 
of tie used in Germany was described 
and details were given on manufacture 
of the units as well as the methods of 
attaching railroad rails to the ties. 


Jaime, consulting engineer, Mex- 


Four decades of improved concrete technology 
for water resource development (Cuatro decadas 
de tecnologia mejorada de concreto para el 
desarrollo del aprovechamiento de recursos hi- 
draulicos) 

Grant 


chief 


Bloodgood 
Bureau of 
States Department of the Interior, Denver 


and 
United 


assistant commissioner 


engineer, Reclamation, 


The work of the U. S. Bureau of 
Reclamation was used to illustrate de- 
velopments in concrete technology over 
the past four decades. While many of 
the new ideas have been developed 
through laboratory research, it has ta- 
ken great pioneering effort by design 
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and construction engineers to put them 
into practice. Developments spotlighted 
included water-cement ratio, screening 
of aggregate, batching by weight, con- 
trol and inspection, low heat cement, 
equipment, control of alkali-aggregate 
reaction, use of pozzolans, air entrain- 
ment, use of admixtures, and others. 


Alkali-aggregate reaction in concrete 
alcalis-aggregabos en el concreto) 


(Reaccion 


Bryant Mather and George Verbeck, respectively, 
chief, Special Investigations Branch, Concrete Di- 
vision, U. S. Army Engineer Waterways Experi- 
ment Station, Jackson, Miss., and manager, Ap- 
plied Research Section, Research and Develop- 
ment Laboratories, Portland Cement Association, 
Skokie, Ill. 


A review of the alkali-aggregate re- 
action problem—the research that has 
been done and is in progress and how 
this knowledge is being used in the 
production of concrete. 

It has now become apparent that, in 
order for the particular sort of trouble 
that is caused by “alkali-aggregate re- 





PINTURAS 
PARA 
HORMIGON 


Spanish translation of two ACI 
reports on the application of 
paint to concrete. Prepared 
from ACI Standard 616-49, 
“The Application of Portland 
Cement Paint to Concrete Sur- 
faces,” and the Committee 616 
report on “Guide for Painting 
Concrete.”* 
« 


$1 per copy 
i 


ACI PUBLICATIONS 
DEPARTMENT 


*Both reports are available as separate 
booklets in English. 
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action” to occur, it is necessary that 
three conditions be met: (1) the aggre- 
gate must consist of or contain signifi- 
cant quantities of materials that are 
composed of silica in one or more of its 
less stable forms; (2) the cement must 
contain, or the concrete must acquire 
from sources other than the cement, a 
significant quantity of the alkalines, 
sodium and posassium;(3) the concrete 
must be subject to wetting. If any one 
of these three conditions is not met, 
excessive expansion and cracking due 
to alkali-aggregate reaction will not 
be expected to occur and no special 
precautions need to be taken to prevent 
their occurrence. 

The discussion covered both geologi- 
cal and chemical aspects of the prob- 
lem. Various ways of dealing with the 
problem were outlined. 


The prestressed German tie and its success (El dur- 
miente Aleman de concreto precomprimido y su 
exito) 


Hermann 
Germany 


Meier, Deutsche Bundesbahn, Minden, 


The various concrete railroad ties, 
both reinforced and prestressed, pro- 
duced and used in Europe were de- 
scribed. The evolution of these units 
and their development, based on re- 
search and field experience, was out- 
lined. Manufacturing techniques were 
described. Various methods of attach- 
ing rails to the ties were described; 
regulations of various European coun- 
tries, regarding shape, dimensions, re- 
inforcement, were also mentioned. 


Closing comments 

Leonardo Zeevaert then summarized 
the various papers and the meeting 
was officially closed by the chairman, 
Alberto Dovali Jaime. 


1960 Regional Meeting 

The 13th ACI Regional Meeting is 
scheduled for Oct. 31, Nov. 1-2, 1960, in 
Tucson, Ariz. Gene M. Nordby, head 
of the department of civil engineering, 
University of Arizona, will act as. gen- 
eral chairman of the meeting. 








POZZOLITH...makes good concrete better 


Duke Power Company—with the largest 
privately-owned, steam-operated electric 
capacity in the southeast—handles its 
own design, engineering, construction and 
concrete production. These operations are 
directed by C. T. Wanzer, Chief Engineer 
—C. E. Watkins, Construction Manager 
and R. L. Dick, Resident Engineer. 

On the Allen Steam Plant project— 
several concrete mixes were designed with 
Pozzo.itH and Duke Power Company’s 
fly ash. The mix that best met job require- 
ments most economically was: 


Cement— 353 lbs. 

Fly Ash (Duke Power)— 117 lbs. 

Sand—1215 lbs. 

1”. Crushed Stone— 2057 Ibs. 

Total Water— 30 gal. 
PozzoLiTH 


The job concrete was easily pumped 


ALLEN STEAM PLANT project at Belmont, N.C. is part of Duke Power Company’s continuing 
expansion program to meet growing power needs in the Piedmont area. Project includes approxi- 
mately 73,000 cubic yards of PozzoLiru concrete. 


POZZOLITH concrete specified again 
for Duke Power Company’s 
continuing 200 million expansion 


more than 600 feet through an 8-inch line 
from the automatic batching plant. Slump 
of 2” to 3’ was maintained — there was 
excellent workability and cohesiveness 
...and high, uniform strength. . . 2250 psi 
at 7 days... 3700 psi at 28 days... and 
4900 psi at 90 days. The specified 28-day 
strength of 3000 psi was easily exceeded. 

The local Master Builders field man 
will welcome discussing your require- 
ments. Remember, PozzoLitH concrete 
is higher in quality and more economical 
than plain concrete or concrete made with 
any other admixture. 


The Master Builders Company, Cleveland, Ohio 
Division of American- Marietta Company 

The Master Builders Company, Ltd., Toronto, Ontario 
Represented in foreign countries by: 

Master Builders International, Nassau, Bahamas 
Division of American-Marietta, C.A. 

Branch Offices in all principal cities. 


MASTER BUILDERS. 
POZZOLITH 


*POZZOLITH is a registered trademark of The Master Builders Company for its concrete admixture 


to reduce water and control entrainment of air and rate of hardening. 





Welcome to 


New York City 


56 th 
Annual 


ACI 
Meeting 


f New York Crry—the convention and 
visitors capital of the world—will play 
host to ACI members and guests at the 
56th annual meeting of the Institute, 
March 14-17, at the Commodore Hotel. 

The Technical Activities Committee 
has arranged a program geared to the 
interest of the designer, builder, re- 
search man, and others in the fields 
related to the concrete industry. Emi- 
nent concrete authorities will present 
about 30 papers at the eight scheduled 
sessions. 

Technical committee “working ses- 
sions” will take up the first 1% days 
of the convention program. Committee 
reports will be presented at the first 
general session on Tuesday afternoon, 
March 15. On Wednesday morning, 
March 16, the technical sessions will 
begin with two sessions running con- 
currently through Thursday noon. The 
final research session is scheduled for 
Thursday afternoon. 


The local planning committee with 
Roger H. Corbetta, president of Cor- 
betta Construction Co., New York, as 
general chairman, has arranged a num- 
ber of “extras” to make the 56th annual 
meeting one of the finest in Institute 
history. “Milady” has been given prime 
consideration in events plan- 
ning and will be pleasantly occupied 
while ACl’ers are attending technical 
Technical program for the 
meeting is outlined below. 


special 


sessions. 


TUESDAY AFTERNOON, MARCH 15 
First General Session 


Committee Reports: 


Committee 326, Shear and Diagonal Tension 


Committee 401, Specification for Structural 
Concrete 
Committee 609, Consolidation of Concrete 


Committee 622, Formwork for Concrete 
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WEDNESDAY MORNING, MARCH 16 
Model 


Structural Models Evaluate 
of Concrete Dams 


Jerome M. Raphael, 
Berkeley 


Glen Canyon Dam Structural Model 
Tests 
George C. Rouse, U.S. Bureau of Reclamation, 
Denver 


Test Session 


Behavior 


University of California 


Experiments with Thin-Shell Structural 
Models 
J. L. Waling and Longin B. Greszczuk, Purdue 


Uni.ersity, Lafayette, Ind 


Testing Rigid Frame Bridge Model to 
Ultimate Load 
Cc. S. Wu 
Pasadena, 
A. A. Pap and D. H. Pletta, V 
nic Institute 


California Institute of Technology, 


rginia Polytech 
Blacksburg 


Highways Session 


Air-Entrained Concrete After 20 Years 
E. A Michigan State 
partment, East Lansing 


Finney, Highway De- 


Continuous Placement of Concrete on 
Three-Span Continuous Units of Bruck- 
ner Expressway 

H. B. Britton, State of New York 
Works 


The AASHO Road Test—A Background 
Report 


Frank H. Scrivner, AASHO Road Test 
il 


Department 


of Public Albany 


Ottawa, 


Gravel Beneficiation in Michigan 
F. E. Legg, Jr., 
Arbor, and 
W. W. McLaughlin 

East 


University of Michigan, Ann 
Michigan 


Lansing 


State Highway 


Denartment, 


WEDNESDAY AFTERNOON, 
MARCH 16 


Materials Session 


Effects of Incomplete Consolidation 
on Pulse Velocity, Modulus of Elastici- 
ty, and Compressive and Flexural 
Strength of Concrete 
M. F. Kaplan, National Building Research 
Institute, South African Council for Scientific 
and Industrial Research, Pretoria 


Freeze-Thaw Resistance of Concrete 
Made with Lightweight Aggregates 


Paul Klieger, Portland Cement Association, 


Skokie, Ill. 


Effect of Maximum Size of Coarse 

Aggregates on Properties of Concrete 
Stanton Walker and D. L. Bloem, National 
Ready Mixed Concrete Association, Washing- 
ton, D. C. 


Concrete-Making Properties of a Port- 
land Blast Furnace Cement Made with 
High-Magnesia Blast-Furnace Slag 
N. Stutterheim, National Building Research 
Institute, South African Council for Scientific 
and Industrial Research, Pretoria 


Design and Structural Research Session 


Ultimate Strength Design 
A. L. Parme, Portland Cement 
Chicago 


Effect of Draped Reinforcement on 
Behavior of Prestressed Concrete 
Beams 
J. G. MacGregor, 
Siess, University of 


Association 


M. A. Sozen, and C. P 
Illinois, Urbana 


High Strength Reinforcement in Con- 
crete Structures; Preliminary Report of 
Committee 339 


Robert Sailer, U. S. Bureau of 
Denver, committee chairman 


Reclamation, 


Shrinkage and Creep of Concrete 
Inge Lyse, Institute of Technology, 
Trondheim 


Norway 


THURSDAY MORNING, MARCH 17 


Restoration of Deteriorated Concrete— 
Committee 201 Symposium 


Conventional Methods of Repairing 


Concrete 
Lewis H. Tuthill, California State Department 
of Water Resources, Sacramento 


Repair of Concrete Pavements 
Earl J. Felt, Association, 
Chicago 


Portland Cement 


The Prepacked Concrete Method 
Raymond E. Davis, Consulting Engineer, Berke 
ley, Calif. 


Use of Epoxy Resins 
Bailey Tremper, California Division of High- 
ways, Sacramento 





12 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


Pneumatically Applied Mortar 
O. N. Kulberg, Southern 
Co., Los Angeles 


California Edison 


Design and Construction Session 


$19 Million Pier for New York City 
David P. Billington, Roberts and Schaefer Co., 
Inc., New York 


Effect of Floor Concrete Strength on 
Column Strength 
Albert C. Bianchini, Robert E. Woods, and 
Clyde E. Kesler, University of Illinois, Urbana 


Welding of Reinforcing Steel Between 
Precast Concrete Units 


J. Neils Thompson, Hudson Matlock, and A. 
A. Toprac, University of Texas, Austin 


Shear Strength of Restrained Concrete 

Beams Without Web Reinforcement 
John E. Bower, U. S. Steel Corp., and |. M. 
Viest, AASHO Road Test, Ottawa, Ill. 


THURSDAY AFTERNOON, MARCH 17 


Research Session—Committee 115, 
Research 

This session differs from general convention ses- 
sions in that the information is not released for 
publication. A group of short papers will be pre- 
sented on research techniques and preliminary 
results on a number of current projects not yet 
sufficiently advanced to justify final reports. 


ACI to cosponsor sessions at 
ASCE New Orleans convention 


ACI, American Society of Civil En- 
gineers, and Prestressed Concrete In- 
stitute will cosponsor five sessions on 
prestressed concrete in connection with 
the ASCE New Orleans convention, 
March 7-11 at the Jung Hotel. 

ACI President Phil Ferguson, Uni- 
versity of Texas, Austin, will serve as 
chairman of the experimental research 
session and ACI member Philip E. Bal- 
comb, Concrete Products of America, 
Division of American-Marietta Co., will 
act as chairman of the construction 
projects session. The other three sched- 
uled sessions will be devoted to build- 
ings and structures, bridges, and recent 
developments. Approximately 20 papers 
will be presented at the sessions. 
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ACI publishes Spanish 
translation of paint reports 


The American Concrete Institute has 
published a Spanish translation of two 
ACI reports on applying paint on con- 
crete. It is a translation of two current 
ACI publications: “Recommended Prac- 
tice for the Application of Portland 
Cement Paint to Concrete Surfaces 
(ACI 616-49)” and the Committee 616 
report, “Guide for Painting Concrete.” 
The 39-page bulletin was translated by 
the Instituto del Cemento Portland 
Argentina, Buenos Aires. It is available 
from ACI headquarters in Detroit at $1 
per copy. 

Part 1 of the booklet describes types 
of paints, other than portland cement 
paint, commonly used on concrete. It 
reviews procedures for preparing the 
surface, selecting and applying the 
paint, and for repainting. Dampproof- 
ing and waterproofing are discussed 
briefly. 

Part 2 translates the ACI Standard 
ACI 616-49 setting forth recommended 
practice for appropriate usage, age of 
concrete, preparation of surface, and 
the preparation, application and curing 
of portland cement paint. Three ap- 
pendixes discuss composition, manufac- 
ture and storage, and general charac- 
teristics and factors affecting durabil- 
ity. 


Steinman takes associates 
into firm partnership 


D. B. Steinman, consulting engineer, 
New York, has taken into partnership 
his associates R. M. Boynton, C. H. 
Gronquist, and J. London. These asso- 
ciates have been with Dr. Steinman 
from 31 to 38 years, and have been 
identified with him in the design and 
construction of over 400 bridges includ- 
ing some of the world’s most notable 
structures. 

The new firm will operate under the 
name of Steinman, Boynton, Gron- 
quist and London, Consulting Engi- 
neers. 
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VERSATILE 
FIBRE FORMS 
used for obround 
and full-round 
concrete 

columns 


Save time, labor, with 


peo}, lel ae) 


FIBRE FORMS 


On-the-job adaptability makes SONOTUBE 
Fibre Forms ideal for full-round, half-round, 
and quarter-round concrete columns, as well 
as obround columns and pilasters. In addition, 
these versatile forms are easily sawed to fit 
wall or beam forms, punched for tie-in rods or 
anchor bolts, and cut for utility outlets. 


Because they are lightweight, easy to handle, 
and quickly placed, braced, poured, and strip- 
ped, low-cost SONoTUBE Fibre Forms pro- 


Addison Street Grade Separation 
Northwest Expressway, Chicago, Ill. 
Contractor: W. E. O'Neil Construction Co. 
Architect: Illinois Highway Dept. 
Engineer: Alfred Benesch & Associates 


vide the fastest, most economical forming 
method for round columns of concrete. 


Choose the type that fits your requirements: 
“A” Coated (for exposed columns); “W” 
Coated (for unexposed or unfinished col- 
umns); or Seamless (for finished columns). 


Sonoco SONOTUBE Fibre Forms are available 
2” to 48” 1.D., in specified lengths or standard 
18’ shipping lengths. 


See our catalog in Sweet's 


For complete information and prices, write 


HARTSVILLE, S. C. 
LA PUENTE, CALIF. 
FREMONT, CALIF. 
MONTCLAIR, N. J. 
AKRON, INDIANA 
LONGVIEW, TEXAS 
ATLANTA, GA. 
BRANTFORD, ONT. 
MEXICO, D.F. 


SONOCO 
Construction Products 


SONOCO PRODUCTS COMPANY 4513 
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BOONE EXPRESSWAY 


OLD DANL NEVER KNEW... 


This newly completed concrete highway bearing the 
name of Daniel Boone speeds traffic through the very 
countryside old Dan'l once traveled and knew only as a 
tangled wilderness. 


The section of Modern construction genius employing Laclede's com- 
the Daniel Boone 
re ore ll a multi-million dollar national system of expressways, of 
was built by which the Daniel Boone is a part. To withstand the con- 
ase al ie. stant pounding of cars to and from ever-expanding 


St. Louis. suburbs, these new freeways must be built strong. 


plete designed reinforcement service is helping create 


Much of the needed strength comes from Laclede 
designed reinforcing steels—multi-rib reinforcing bars, 
welded wire fabric, welded dowel spacers, center and 
recess joints, tie bars and accessories. 


LACLEDE STEEL COMPANY 


SAINT LOUIS, MISSOURI = Producers of Steel for Industry and Construction 
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Positions and Projects 





ACI technical committee 
appointments 


Listed below are committee members 
who have recently accepted appoint- 
ment to ACI technical committees. In- 
cluded are new appointments only. 


Committee 115, Research 
F. S. Fulton 
Portland Cement Institute 
Johannesburg, South Africa 


Committee 209, Volume Changes and Plastic Flow 
in Concrete 


Frederic Roll 
University of Pennsylvania 
Philadelphia, Pa. 

Committee 213, Properties of Lightweight Aggre- 
gates and Lightweight Aggregate Concrete 
William H. Kuenning 
Portland Cement Association 
Skokie, Il. 


Committee 318, Standard Building Code 
W. G. Plewes 
National Research Council 
Ottawa, Ont., Canada 
Committee 334, Concrete Shell Structures 
J. V. Christiansen 
Worthington, Skilling, Helle and 
Jackson 
Seattle, Wash. 
Committee 336, Combined Footings 
Andrew Reti 
Civil Engineer 
New York, N.Y. 


Committee 401, Specifications for Structural Con- 
crete 


H. B. Britton 
Department of Public Works 
Albany, N.Y. 


Committee 622, Formwork for Concrete 
T. W. Hunt 
Portland Cement Association 
Chicago, III. 
Victor F. Leabu 
Giffels and Rossetti 
Detroit, Mich. 


Committee 716, High Pressure Steam Curing 
S. E. Williams 
Johns-Manville Products Corp. 
Manville, N.J. 
John C. Wycoff 
Southern Lightweight Aggregate 

Corp. 

Richmond, Va. 


Akas named ACI 
advertising manager 


Thomas C. Akas assumed the post of 
advertising manager of ACI on De- 
cember 14. He succeeds Charles L. 
Cousins who resigned recently to join 
the advertising staff of the Pontiac 
Division, General Motors Corp. 

A journalism graduate of Wayne 
State University, Mr. Akas served as 
assistant to the executive director of 
the Mail Advertising Service Associa- 
tion International, Detroit, during the 
past 3% years. Mr. Akas also worked 
as a United Press staff correspondent 
in Detroit and as a copywriter for Far- 
rand Publications. He is a member of 
Sigma Delta Chi, professional journal- 
istic fraternity. 


Oklahoma Chapter holds 
first annual meeting 


The ACI Oklahoma Chapter held its 
first annual meeting on December 12 
at the Biltmore Hotel in Oklahoma City 
with 46 members in attendance. 

The afternoon session consisted of a 
business meeting and a technical ses- 
sion. Officers for the coming year were 
elected, committee appointments were 
made, and certain ammendments to the 
bylaws were discussed and voted to 
letter ballot. The technical session fol- 
lowing the business meeting consisted 
of a panel discussion on reinforced con- 
crete specifications and a talk by a 
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well known Oklahoma City attorney on 
the legal aspects of specifications. 

ACI President Phil M. Ferguson was 
guest speaker at an evening dinner. 
Professor Ferguson, University of Tex- 
as, Austin, spoke about chapter organ- 
izations and affairs in general, and 
outlined some of the activities of the 
national organization. Of particular in- 
terest was his discussion of the ACI 
committee operation and how the local 
chapter might best serve in this area. 

The 1960 officers of the Oklahoma 
Chapter are: president, Richard Jack- 
son, Black and West, Architects, Tulsa, 
succeeding retiring chapter president 
Dan Hapke, Portland Cement Associa- 
tion; vice-president, Robert P. Witt, 
Oklahoma State University, Stillwater; 
secretary - treasurer, Stanley Gerlach, 
Gerlach Distribution Co., Oklahoma 
City; first director, Harold Wenzel, The 
Dolese Co., Oklahoma City; and second 
director, Ray Kraft, Refinery Engi- 
neering Co., Tulsa. Mr. Jackson and 
Professor Witt formerly served as 
vice-president and secretary-treasurer, 
respectively. The newly elected secre- 
tary-treasurer was formerly a director. 
Mr. Wenzel starts his second term as a 
director. 


Highlights of chapter activities dur- 
ing the past year were two meetings 
held by the chapter to demonstrate the 
techniques of placing concrete slabs. 
One meeting was held in Oklahoma 
City where 158 people attended and 
the other in Tulsa with 163 in attend- 
ance. 


Peruvian Cement launches 
educational program 


Angel de Paz y Arroyo, general man- 
ager of Compania Peruana de Cemento 
Portland, Lima, Peru, has organized a 
program of lectures and publications 
aimed at better employment of cement 
and concrete in that area. The program 
is in direct charge of Jaime de las 
Casas, an ACI quarter-century-mem- 
ber-getter. 


February, 1960 


ACI Michigan 
members meet 


About 60 ACI members and guests 
from the Michigan area met for a 
luncheon meeting on December 9, with 
William Krell, Portland Cement Asso- 
ciation, acting as chairman. 

Raymond C. Reese, consulting engi- 
neer, Toledo, Ohio, chairman of ACI 
Committee 318, Standard Building 
Code, was guest speaker at the meet- 
ing. Mr. Reese spoke on the topic of 
misapplications of the Building Code 
and discussed the work of Committee 
318. After describing some first-hand 
encounters with misunderstandings in 
design or construction, he went on to 
explain that the Building Code is pri- 
marily a guide for the design of rein- 
forced concrete by structural engineers. 
In addition to the written word, some 
knowledge and experience is required 
to properly and completely design the 
members of the structure required to 
adequately and economically accom- 
plish the purpose. 

ACI member James A. Nicholson. 
president of Toledo Plaster and Supply 
Co., Toledo, is scheduled to address the 
group at the February meeting. Mr. 
Nicholson is a past president of the 
Ohio Ready-Mixed Concrete Associa- 
tion and a director of the National 
Ready-Mixed Concrete Association. He 
will speak on the subject of ready- 
mixed concrete. 

Although the Michigan group have 
not taken formal steps to organize as 
a chapter, regular monthly meetings 
are being held with about 50-75 ACI 
members and guests in attendance. 


Kinzel appointed to 
National Research Council 


The National Academy of Sciences— 
National Research Council, Washington, 
D.C., has anounced the appointment of 
Augustus B. Kinzel as chairman of its 
Division of Engineering and Industrial 
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FELIX CANDELA says: 


“T have examined carefully your preliminary draft on the Ultimate Design Column 
Tables and have found it extremely helpful and interesting . . . I believe both pro- 
fessions of architect and engineer will be most grateful to you when you publish 
these tables.” 


EDUARDO TORROJA says: 


“I hope your book of Column Tables will enjoy the merit it deserves.” 
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For the first time, the FULL RANGE OF CAPABILITY OF EACH COLUMN 
is clearly shown—Fenlon’s Column Tables will save hours of design time, and 
you'll get better column design. 


New Ultimate Strength Theory Simply and Clearly Explained 


Reinforced Concrete 


COLUMN TABLES 
Ultimate Strength Design 


$45 HUGH F. FENLON 
POSTPAID 


CONSULTING ENGINEER 


424 MORTGAGE GUARANTEE BLDG 


No C.O.D. orders — please send check ATLANTA. GEORGIA 


with order. If you’re not completely sat- 
isfied, return the book within 10 days, 
and your money will be refunded. 
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Research. Dr. Kinzel is vice-president 
for research of Union Carbide Corp. 

Dr. Kinzel has received wide recog- 
nition for his research activities and 
has previously served the Academy— 
Research Council on a number of its 
committees and boards. 


Magnel Medal goes to 
Esquillan 


Prof. P. Malschaert. president of the 
Association of Engineers of Gand, Bel- 
gium, on Nov. 7, 1959, presented the 
first Gustave Magnel Gold Medal, for 
1955-58, to Nicolas Esquillan for his 
project, the triangular plan arch of the 
Exposition Palace in Paris. The late 
Professor Magnel taught at the Univer- 
sity of Gand and was director of the 
Reinforced Concrete Research Labora- 
tory there which now bears his name. 
The awardee showed a color film of 
the construction of the exposition 
building after the ceremony. 

The Magnel Gold Medal Award, es- 
tablished by the organization of engi- 
neering alumni of the University of 
Gand, will be conferred periodically to 
the designer of a building project in- 
corporating an important and remark- 
able application of reinforced or pre- 
stressed concrete. 


Engineers needed by 
federal government 


The United States government needs 
engineers in various agencies and lo- 
cations. 

Examination announcement 211B is- 
sued Oct. 13, 1959, with no closing date, 
offers assignment in a number of spe- 
cialized fields. The civil engineering 
option includes professional engineer- 
ing work in all recognized fields of 
civil engineering such as _ structural, 
highway, bridges, and _ construction. 
Salaries range from $4490 for Grade 
GS-5 to $12,770 for Grade GS-15. 

Application forms are available from 
any post office, U. S. Civil Service Com- 
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mission office, or Boards of U. S. Civil 
Service Examiners for the Department 
of the Army or Bureau of Public Roads. 


Expanded Shale, Clay and 
Slate Institute annual meeting 


The Expanded Shale, Clay and Slate 
Institute held its 7th annual meeting 
the week of October 13 at the Royal 
York Hotel, Toronto. 

The shrinkage and 
creep program now under way at the 
National Bureau of Standards, Wash- 
ington, D.C., was announced and dis- 
cussed. This study will be conducted 
over a period of 5 to 10 years on con- 
cretes made from more than 20 aggre- 
gates produced by members of the In- 
stitute. Several additional research 
programs in the field of structural con- 
crete, as well as concrete masonry, 
were discussed, and programs for fu- 
ture studies were approved. 

The installation of officers, all of 
whom were reelected for a _ second 
year, followed the annual banquet. Of- 
ficers are: president, Allan P. Taylor, 
Kenlite, Louisville, Ky., first vice-pres- 
ident, Cedric Willson, Texas Industries, 
Inc., Dallas; second vice-president, L. 
A. Thorssen, Consolidated Concrete In- 
dustries, Calgary, Alta., Canada; sec- 
retary, Lester Kennedy, Light Aggre- 
gates, Inc., Rapid City, S.D.; and treas- 
urer, Ben F. Park, Buildex, Inc., Ot- 
tawa, Kan. 


comprehensive 


One of the features of the meeting was 
a panel discussion of structural con- 
crete and concrete masonry, attended 
by over 110 architects and engineers, 
block manufacturers, and officials of 
Toronto and the surrounding area. The 
panelists were: Hector King, modera- 
tor, Cooksville-Laprairie Brick Ltd., 
Toronto; Jim Chandler, Chandler Ma- 
terials Co., Tulsa, Okla.; Harold Hutch- 
ens, The Carter-Waters Corp., Kansas 
City, Mo.; Mark Huggins, University of 
Toronto; and Otto Frei, Georgia Light- 
weight Aggregate Co., Atlanta. 
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AN APPRECIATION 


Charles Smith Whitney 


1892-1959 


When Charles Whitney, an internationally recognized consulting engineer 
of Milwaukee, died in Paris on Sunday, Oct. 25, 1959, the world lost one of 
its great men. The American Concrete Institute and the engineering pro- 
fession lost one of its brilliant and devoted leaders. 

Those who worked closely with Mr. Whitney, to all of whom he was 
known as “Charlie,” remember him for his modesty and quiet manner. On 
these occasions it was hard to comprehend the far-flung scope of his engi- 
neering knowledge and professional services. In spite of the heavy demands 
made upon his talent, energy, and time throughout the world, he always 
served effectively as a member or chairman of many committees or as an 
officer of the Institute, finally becoming its President in 1955. Frequently 
to attend these meetings he had to return from a foreign country or to go 
immediately for a conference on important projects on which he served 
as a consultant. 

In 1946 he became a member of the consulting firm of Ammann and 
Whitney, when they met as consulting engineers on plans for hangars at 
the Chicago airport and at New York International Airport in Idlewild. 
Among the structures on which he was design supervisor were Onondaga 
Memorial Auditorium in Syracuse, N.Y., the Alabama State Coliseum in 
Montgomery, and various hangars for American Airlines, Trans-World Air- 
lines, and Pan-American World Airways. He was a consultant on many 
large Wisconsin projects, including the planning for the Milwaukee County 
Expressway system, the Lincoln Memorial Bridge, the structural designing 
of the Milwaukee Memorial Center, and a University of Wisconsin athletic 
building at Madison. 

The firm of Ammann and Whitney, employing about 700 persons, had 
far-flung engineering offices and responsibilities which took Mr. Whitney 
to France, Greece, Iran, Ethiopia, Pakistan, Libya, and Turkey. The prin- 
cipal office is in New York City, but Mr. Whitney continuously maintained 
an office in Milwaukee. 

At the time of his death, Mr. Whitney with Mr. Ammann, was engaged 
in the most “gigantic” of all his engineering projects, the “Narrows” 
bridges to be among the world’s greatest, linking Brooklyn with Staten 
Island, both in New York City. The cost of the “Narrows” bridge is esti- 
mated to be $320 million. 

A professional engineer in the strictest sense of the term, Charlie Whitney 
contributed generously of his talent and time in the preparation of publi- 
cations for the American Concrete Institute and other national engineering 
societies. He was an active and contributing member of the American Con- 
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crete Institute, American Society of Civil Engineers, American Institute of 
Consulting Engineers, American Society for Testing Materials, Society of 
Professional Engineers, Wisconsin Society of Professional Engineers, Inter- 
national Association for Bridge and Structural Engineering, Institute of 
Aeronautical Sciences, the American Road Builders Association, and an 
honorary member of the Wisconsin chapter of the American Institute of 
Architects. 

The influence of Charlie Whitney as an engineer and as an engineering 
scientist will be perpetuated by his many contributions to technical litera- 
ture and committee reports. He was the author of Bridges, A Study in Their 
Art, Science, and Evolution and Concrete Designer’s Manual (coauthor 
Hool). In 1925 the American Society of Civil Engineers awarded Mr. Whit- 
ney the James R. Croes Medal for his paper, “Design of Symmetrical Con- 
crete Arches.” His alma mater, Cornell University, conferred upon him, in 
1925 and in 1927, the Fuertes Graduate Medal. For his many noteworthy 
contributions to its JouRNAL, the American Concrete Institute conferred 
upon him the Alfred Lindau Award in 1951, and the Wason Medal in 
1932, 1952, and 1955. The Concrete Reinforcing Steel Institute conferred 
its first annual award to Mr. Whitney in 1949. 

To measure the scope and breadth of Mr. Whitney’s writings, the follow- 
ing ACI papers deserve mention: 

“Design of Reinforced Concrete Members Under Flexure or 
Combined Flexure and Direct Compression” (Proceedings 
V. 33) 

“Cost of Long-Span Concrete Shell Roofs” (Proceedings V. 46) 

“Comprehensive Numerical Method for the Analysis of Earth- 
quake Resistant Structures” (with Anderson and Salvadori, 
Proceedings V. 48) 


“Reinforced Concrete Thin-Shell Structures” (Proceedings V. 49) 


“Design of Blast Resistant Construction for Atomic Explosions” 
(with Anderson and Cohen, Proceedings V. 51) 


“Year in Review” (Proceedings V. 52) 


“Guide for Ultimate Strength Design of Reinforced Concrete” 
(with Cohen, Proceedings V. 53) 


“Ultimate Shear Strength of Reinforced Concrete Flat Slabs, 
Footings, Beams, and Frame Members Without Shear Rein- 
forcement” (Proceedings V. 54) 


“Cantilevered Folded Plate Roofs ACI Headquarters” Proceed- 
ings V. 55) 


As Past President of the Institute he served previously as President, Vice- 
President, and Director. He also served on Committee 318, Standard Build- 
ing Code; the Standards Committee; and served as chairman of Committee 
312, Plain and Reinforced Concrete Arches, 1930-1957; and as chairman of 
ACI-ASCE Committee 326. Shear and Diagonal Tension, 1950 to the present. 
Mr. Whitney was a member of the ACI Building Committee which success- 
fully completed its assignment to provide the Institute’s headquarters 
building. 

Charles Smith Whitney was born in Bradford, Pa., Nov. 4, 1892. He was 
graduated from Cornell University, receiving the BS in CE degree in 1914 
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and the MS degree in 1915. In 1922 he opened his own office as a consulting 
engineer in Milwaukee. Mr. Whitney was an active member of St. Paul’s 
Episcopal Church, serving as a vestryman and warden. He served in World 
War I with the Corps of Engineers on the construction of light railways in 


France. 


Charles Whitney married Gertrude Schuyler, June 19, 1920. They had 
three children, Lillian Randolph of Jefferson, Wis., James Schuyler, de- 
ceased, and Charles Allen, a physicist at the Smithsonian Astrophysical 


Observatory in Cambridge, Mass. 


By FRANK KEREKES in behalf 
of the ACI Boarp or DIRECTION 


Members named to ACI-CEB 
Collaboration Committee 


ACI President Phil M. Ferguson has 
appointed Eivind Hognestad, Portland 
Cement Association, Skokie, Ill.; Ray- 
mond C. Reese, consulting engineer, 
Toledo, Ohio; and C. P. Seiss, Univer- 
sity of Illinois, Urbana, to the Ameri- 
can contingent of the ACI-CEB Collab- 
oration Committee. Dr. Hognestad will 
serve as chairman of this group. Last 
April this committee attended the 
Comite Europeen du Beton meeting in 
Vienna on the invitation of CEB presi- 
dent Franco Levi, professor, Politecni- 
co, Torino, Italy. 

Professor Franco has also announced 
the names of those appointed to the 
ACI-CEB committee. These members 
will meet with their American counter- 
parts or correspond with them concern- 
ing matters of mutual interest to the 
two organizations. 


The permanent members designated 
for terms of 2 years are Professor Levi 
and George Wastlund, director, Cement 
and Concrete Institute, Stockholm, 
Sweden. 


The supplemental members who will 
serve on the committee depending on 
the subject and the availability of the 
member are Prof. A. L. L. Baker, Im- 
perial College, London, England; Prof. 
A. M. Haas, Technische Hogeschool, 
Delft, Netherlands; Dr. A. W. Hill, Ce- 
ment and Concrete Association, London, 
England; Prof. Hubert Rusch, Tech- 


nische Hogeschool, Munich, Germany; 
Dr. S. Soretz, Toristeg Steel Corp., Vi- 
enna, Austria; and Prof. E. Torroja, 
Instituto Tecnico de la Construccion y 
del Cemento, Costillares. Madrid (Cha- 
martin), Spain. 


Van Zelst elected to 
Cenco executive post 


The election of Theodore Van Zelst 
as a vice-president of Cenco Instru- 
ments Corp. was announced recently. 
Mr. Van Zelst also was elected a di- 
rector of Central Scientific Co., Cenco’s 
principal manufacturing subsidiary. Mr. 
Van Zelst is president of Soiltest, Inc., 
which was acquired by Cenco in June, 
1959. 


Annual California Street and 
Highway Conference held at 
UCLA 


Over 600 persons attended the 12th 
California Street and Highway Confer- 
ence on the UCLA campus, Los An- 
geles, January 28-30. Victor W. Sauer, 
director of public works, Contra Costa 
County, served as general chairman. 
Ellis L. Armstrong, commissioner, U. S. 
Bureau of Public Roads, delivered the 
keynote address at the opening session. 

This conference is presented annually 
by the Institute of Transportation and 
Traffic Engineering of the University 
of California with the location alter- 
nated between the Berkeley and UCLA 
campuses. 
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LOOKING AHEAD 





Feb. 1-5, 1960 — Committee 
Week, American Society for 
Testing Materials, Hotel 
Sherman, Chicago, Ill. 


Feb. 15-19, 1960 — Annual 
Convention and Exposition, 
National Sand and Gravel As- 
sociation, Conrad Hilton Ho- 
tel and Coliseum, Chicago, 
itl. 


Feb. 22-24, 1960 — Annual 
Convention and _ Exposition, 
National Crushed Stone As- 
sociation, Conrad Hilton Ho- 
tel, Chicago, Ill. 


Mar. 7-10, 1960 —52nd An- 
nual Convention, American 
Concrete Pipe Association, 
Fairmont Hotel, San Fran- 
cisco, Calif. 


Mar. 7-11, 1960 — New Or- 
leans Convention, American 
Society of Civil Engineers, 
Jung Hotel, New Orleans, La. 


Mar. 14-17, 1960 — 56th An- 
nual Meeting, American Con- 
crete Institute, Commodore 
Hotel, New York, N. Y. 


May 4-8, 1960 — Cleveland 
Convention, American So- 
ciety of Civil Engineers, Hotel 
Cleveland, Cleveland, Ohio 


June 26-July 1, 1960 — An- 
nual Meeting and Apparatus 
Exhibit, American Society for 
Testing Materials, Chalfonte- 
Haddon Hall, Atlantic City, 
N. J. 


July 11-18, 1960 — Second 
World Conference on Earth- 
quake Engineering, Science 
Council of Japan, Tokyo and 
Kyoto, Japan. 


W AMERICAN-MARIETTA 


plants serve more than 85 percent 
of the U.S., assuring you of quick technical 
help when needed and fast delivery of such 
precast concrete products as: 


@ ROUND PIPE: SEWERS, CULVERTS AND 
WATER PIPE 


ELLIPTICAL PIPE: HI-HED®, LO-HED® 
AND INNER CIRCLES® 


FLAT-BASE PIPE 


PRECAST AND PRESTRESSED BRIDGE 
BEAMS 


CRIBBING AND PILING 


BUILDING PANELS AND STRUCTURAL 
MEMBERS 





DISTRICT OFFICES: 


Calif., Colton, P.O. Box 31 

Colo., Denver 29, P.O. Box 3916 

Fla., Jacksonville 3, P.O. Box 234 

Ga., College Park, P.O. Box 209 

lll., La Grange, P.O. Box 391 

Ind., Lafayette, P.O. Box 537 

lowa, Sibley, P.0. Box 307 

Mich., Grand Rapids 9, Box R-20 

N.M., Albuquerque, P.0. Box 1629 

N.Y., New York 7, 50 Church St. 

N.Y., Syracuse 6, P.O. Box 85, Eastwood Sta. 
N.C., Charlotte 1, P.O. Box 10004 

Ohio, Columbus 15, 555 Furnace St. 

Ohio, Marietta, P.O. Box 356 

Okla., Oklahoma City, P.O. Box 1024 
Ontario, Toronto 13, P.0. Box 160, Station H 
Penn., Norristown, P.O. Box 230 

Penn., Pittsburgh 25, 3000 Grand Ave. 
Tenn., Memphis 8, P.0. Box 6833, Hollywd. Sta. 
Vermont, Windsor, P.O. Box 48 

West Va., Wheeling, 909 Hawley Bidg 
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AMDEK Bridge Beams 
speed superhighway construction 
= oe me ie " 2 : 


Dual lane highway bridges, constructed with prestressed County, New Mexico. Erected for the New Mexico State High- 
pretensioned Amdeck Beams, near completion in Socorro way Department as part of the Federal Interstate Program 


Another example of 


Progress in Concrete 


Amdek Superstructures—available in lengths up to 
100 feet or even more—can cut bridge building time 
from weeks to days or days to hours! Prestressed, 
pretensioned, and with specially designed voids, 
Amdek Sections are lighter and more rigid for better, 
easier handling... provide a stronger combination 
deck and loading member. 


Precast Amdek is rapidly placed in any weather 
and assures a bridge of beauty for years without 
painting or other maintenance. Materials are readily 
available . . . plants are strategically located for fast 
delivery anywhere—to bring you ‘“Tomorrow’s 
Bridge’’ today. 


American-Marietta’s experts in the design and man- 
ufacture of prestressed and precast concrete bridge 
members—including Amdek, I-Beams and Channel 
Slabs—can help you save considerable time and money. 


Write today for illustrated literature 
200 Amdek Box Girders used to build 506 foot bridges 


on 30° skew. Independent dynamic and static load 
tests prove superior strength of Amdek Skew Beams 


i AMERICAN-MARIETTA COMPANY 


CONCRETE PRODUCTS DIVISION 
GEWERAL OFFICES 
AMERICAN -MARIETTA BUILDING 
YOl EAST ONTARIO STREET, CHICAGO MH, HLLINONS, PHONE: WHITEWALL 4-Se0e 
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Fink retires 


Joseph M. Fink recently retired as 
chief of the structural department of 
the Department of Building and Safety 
Engineering of the City of Detroit. Mr. 
Fink was with the department since 
1946 and was chief structural engineer 
since 1952. 

In 1958 he received the first annual 
Huron Achievement Award from the 
Concrete Improvement Board of the 
Metropolitan Area of Detroit for his 
outstanding contributions to the im- 
provement of concrete in the metro- 
politan Detroit area. He was cited 
particularly for his efforts toward 


MODEL FT 20 
JOBSITE 


CONCRETE TESTER 


FOR: CYLINDERS, CORES, 
BLOCKS, BEAMS, CUBES, 
BRICK AND DRAIN TILE 
FORNEY’S INC. 
TESTER DIVISION 
BOX 310, NEW CASTLE, 
PA., U.S.A. 
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adoption of the new Detroit building 
code. 

Since graduating from Yale Univer- 
sity in 1916, excluding 2 years in the 
army during World War I, his work 
has been equally divided between pri- 
vate industry and municipal employ- 
ment. 

Mr. Fink is a member of ACI and 
a number of other technical societies. 
He expects to engage in private con- 
sulting work. 


Furane opens 
New York plant 


Furane Plastics Inc., Los Angeles, 
producer of epoxy resins, has opened a 
plant in Hempstead, Long Island, N.Y. 
Leon Wynn will serve as eastern sales 
manager and will be in charge of the 
operation. 


PCA elects five 
new directors 


The Portland Cement Association at 
its annual meeting in Chicago, Novem- 
ber 18, elected five members to its 
board of directors. 

The new directors are: Chester S. 
Crawford, president, Whitehall Cement 
Manufacturing Co., Philadelphia; L. R. 
Forbrich, general manager, Green Bag 
Cement Division, Pittsburgh Coke and 
Chemical Co., Pittsburgh; Ellroy King, 
president, Halliburton Portland Cement 
Co., Corpus Christi; Frank B. Warren, 
president, Bessemer Limestone and 
Cement Co., Youngstown, Ohio; and W. 
S. Ziegler, president, Saskatchewan Ce- 
ment Co., Ltd., Regina, Sask., Canada. 

Retiring directors are: Albert M. 
Andreas, chairman of the board. North 
American Cement Corp., New York; 
B. F. Fox, vice-president and general 
manager, British Columbia Cement 
Co., Ltd., Victoria, B.C., Canada; C. T. 
Fuller, chairman of the board, Allen- 
town Portland Cement Co., Allentown, 
Pa.; L. T. Welshans, general manager, 
Standard Portland Cement Division, 
Diamond Alkali Co., Cleveland. 
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SERVICISED PREMOLDED 
RUBBERIZED 
ASPHALT 
SEALER 
STRIPS 


MOLDED 
PARA-PLASTIC 


COATING Cana - Cbastic® 


PARA-PLASTIC 
COATING 


MASTIC BACKING PARA-LATERAL STRIP 


MOLDED Cina - Vbastic® 


Molded Para-Plastic is a durable, elastic compound, : 
composed of rubber, asphalt and other materials, | [*5-F°4Si'c 
molded into a rectangular strip. Properly installed, eel cimeaeection tote ti 
Molded Para-Plastic will bond securely to concrete to vertical walls and horizontal 
form a resilient and moisture-tight seal of the joint. 
Because it presents sealing surfaces on all sides, 
Molded Para-Plastic is especially effective in sealing 
keyed construction joints and foundation footings. 
Not recommended for use in joints where the surface 
of the material is exposed, or when hydrostatic pres- 
sure is present. Available in various sizes with thick- pee 
ness ranging from %” to 1” and widths from 1 to 12 seta) 


inches. Standard length is 5 feet. Molded bay lactic 








PARA-LATERAL STRIP 


Consists of a rigid mastic backing material coated on 
one side and two edges with a Para-Plastic rubber- 
bituminous sealing compound which bonds firmly to 
the concrete after it has set up, to form a watertight 
seal. Designed for use in vertical and sloping joints 
in concrete retaining walls, abutments, wing walls, 
foundation walls, tunnels, etc., where backfilling wd sacuee 
against one side of the structure requires a seal to “ PREMOLDED 
prevent seepage of ground water through the joint to i oe 
the exposed side. Available in widths of 4”, 5”, 8”, 12”, Avoiication of Pore-Laverel 


Sealing Strip to rear face of 
and 13”; standard length is 5 feet. wall at joint. 





Write for the Servicised Catalog 
— (i s 


> SERVICISED PRODUCTS | oncno or cisors 


CORPORATION 
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University of Mississippi 
holds highway conference 


The University of Mississippi con- 
ducted the sixth annual Mississippi 
highway conference on February 11-12 
on the campus at the Mississippi Cen- 
ter for Continuation Study. 

Panel discussions were devoted to 
highway design, recent developments 
in highway construction, and new de- 
velopments in highway engineering. 
Discussion groups covered various 
phases of highway design. 


Master Builders open 
two branch offices 


The Master Builders Co., Cleveland, 
has announced the opening of offices 
in Charlotte, N.C., and Salt Lake City, 
Utah. 

Edwin A. Decker will serve as man- 
ager of the Charlotte branch office. He 
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joined Master Builders in 1954 and has 
served as a sales representative and 
field engineer until his present appoint- 
ment. Martin J. Switters will serve as 
field representative for the Salt Lake 
City branch. 


Soiltest appoints Davies 
manager in Europe 


John Robinson Davies will head Soil- 
test’s operations in Europe, the Middle 
East and Africa, with headquarters in 
Laususanna, Switzerland. A graduate 
of Oxford University, England, Mr. 
Davies has had many years of experi- 
ence in the scientific apparatus indus- 
try. 

Soiltest has established a sales office 
in Brussels, Belgium, and a distribu- 
tion center and stocking warehouse in 
Breda, The Netherlands. 


WORLD'S MOST WIDELY 


USED AIR METERS 


First in Design—First in Sales 
Guaranteed Accuracy for Testing Air Entrained Concrete 
Fast « Simple te Operate ai 


PRESS-UR-METER 


remains 


Sample 


intact. 


Small of 


amount 


water used in test permits using same sample 
for slump and compression tests. Universal 


acceptance — America, 


Europe and Asia. 


Specific gravity and moisture deter- 
minations quickly made using chart. 


ROLL-A-METER 


Simplified device for testing light 


weight 


concrete. 


Precision instru- 


ment made of solid bronze. Requires ( 
no computation — no special train- 


ing. Reliable — durable. 


ASTM Designation: C173-55T 


Write or wire exclusive sales agents 


CHARLES R. WATTS CO. 


4121 6th Ave., N.W.—Seattle 7, Wash. 
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The number of members, to date, who have 
proposed one or more new members since last 
year represents 0.005 percent of our total mem- 
bership. 

If each of ACI’s 
cuce but one 
would soon double our membership. Put 
name on the Honor Roll next month. 


10,103 members would intro- 
new memter to the Institute, we 


your 





Point System 


1 point for Student; 2 points for Junior; 3 
points for Individual; 4 points for Corpora- 
tion; and 5 points for Contributing. 








Alfonso Marin E 
Joaquin Spinel L. 
James A. McCarthy 
J. E. Backstrom 

Ira M. Beattie 
George B. Begg, Jr. 
Alan Carter 
Fernando de Angulo 
Benjamin P. Felix 
Phil M. Ferguson 
Frank D. Gaus 
Hans Gesund 
Fabian Guerra 
Samuel Hobbs 
Robert J. Kadala 

T. C. Kavanagh 
Clyde E. Kesler 

E. V. Konkel ‘ 
William J. Krefeld 
John C. McCoe 
Luis F. Magrina 

W. E. Moulton 
Russell Porter 

Frank A. Randall, Jr 
Salvador Rodriguez 
Howard J. Rosenberg 
H. Rusch 

Herbert A. Sawyer, Jr 
H. M. Schwartz 

A. L. Small 

George B. Southworth 
D. A. Van Horn 
Ellis S. Vieser 
Cedric Willson 
Robert .P. Witt 
Mark R. Woodward 
Jay antilal S. Alagia 
Arthur H. Andersen 
Pedro M. Bassim 
W. S. Cottingham 
Ward W. Engle 
Gregorio Hernandez 
Fred W. Jacobs 
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Simon Lamar 

R. R. Neal .... 
Raoul E. Pallais 

F. K. Taskin By 
Rogelio Bonilla Torres 
Leon A. Yacoubian 


New Members 


The Board of Direction approved applications 
in the following categories: 91 Individual, 3 
Corporation, 19 Junior, and 27 Student, making 
a total of 140 new members. Considering losses 
due to deaths, resignations, and nonpayment of 
dues, the total membership on Dec. 1, 1959, was 
10,103. 


INDIVIDUAL 


Aspney, Georce H., Dallas, Tex. (Struct. Engr.) 
Apxinson, D. J., Hamilton, Ont., Canada 
(Sales Mgr.) 
Bak.Ley, C. Newton, Erie, Pa. (Vice-Pres. & 
Gen. Mgr., Ready Mixed Concrete Co.) 
Baver, Epwin L., Honolulu, Hawaii (Arch.) 
BEENHAM, TERENCE WILLIAM, Romford, Eng- 
land (Struct. Engr., Simon-Carves, Ltd.) 
Borr, Paut, New Kensington, Pa. (Tech. 
Dir., Burrell Constr. & Supply Co.) 

Borce, Howarp E., Phoenix, Ariz. (Chf. of 
Opers., Del E. Webb Constr. Co.) 

BracaMontes, Luis, Mexico D. F., Mex., (Un- 
der Sec. of Pub. Wks., Mexican Gov't) 

Bruton, Joun M., Indianapolis, Ind. (Struct 
Engr., Carl M. Geupel Constr. Co.) 

Cann, W. J., Chicago, Ill. (Chf. Engr., Herlihy 
Mid-Continent Co.) 

Cuizton, Donato W., Huntington Sta., N. Y. 
(Quality Conc. Engr., PCA) 

Corrican, E. W., Chicago, Ill. (Gen. 
Great Western Contracting Co.) 

Cote, JeEAN-R., Rouyn, Que., Canada 
Engr.) 
Crowver, C. Dewey, Jr., Mobile, Ala. 
Arch. & Engr., Platt Roberts & Co.) 
Cummiruncs, T. F., Odessa, Tex. (Plant Chem., 
Southwestern Portland Cement Co.) 
Cummirns, Rosert J., Houston, Tex. 
Engr.) 

Epres, But G., Austin, Tex. 
Engrg. Mech., Univ. of Tex.) 

EscCALANTE Portas, CarLos, Mexico, D. F., Mex. 
(Struct. Engr.) 

Fiack, Harry L., Denver, Colo. 
USBR) 

FRANCESCHINI, JAMES L., Toronto, Ont., (Vice- 
Pres., Dual Mixed Conc. & Matls., Ltd.) 
FREIMAN, Jack, Bloomfield, Conn. (Gen. Mgr.) 
GIRAULT, MANUEL, Mexico, D. F., Mex. (Constr. 
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Reduces overtime finishing. Sets faster. Speeds form re- 
moval. Develops high early strength. Reduces protection 
time up to 50%. Reduces delay between operations. Adds 
safety through extra cold weather protection. 


Your concrete also has 8 to 12% greater ultimate strength. 
It's more workable. With /ess water-to-cement, you get denser 
concrete—more resistant to moisture and wear. 


*Speeds but does not change the basic action of 
portland cement. This use of calcium chloride is 
approved by American Concrete Institute. 


Write for Solvay’s 38-p. “The Effects of Calcium Chloride 
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on Portland Cement.” 


SOLVAY PROCESS DIVISION 


61 Broadway, New York 6, N. Y. 
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Tools, Materials, Services 


Under this heading note is made of producer 
literature and products of presumed technical in- 
terest to ACI users of tools, equipment, materials, 
accessories, and special services. 





Terrazzo flooring material 


Corocrete Terrazzo Flooring, combining the 
beauty of terrazzo floors with extreme cor- 
rosion resistance and high strength is 
available from The Ceilcote Co. Manufacturer 
states that the material is “flexibilized’’ to 
afford maximum resistance to thermal shock 
and impact. 


now 


The terrazzo effect is obtained through the 
use of silica or marble chips. Available in a 
wide variety of colors. Application is by 
trowel or other concrete finishing tools. Can 
be applied by most plant maintenance crews 
or by any qualified concrete contractor ac- 
cording to company spokesman.—The Ceilcote 
Co., 4832 Ridge Road, Cleveland 9, Ohio. 


Vitreous wall surfacing 


Desco Vitro-Glaze, cement-base vitreous 
wall surfacing, is described by the manufac- 
turer as “Chemistry in Cement” since the use 
of chemical additives has imparted tremen- 


dous adhesion, flexibility, impact resistance, 
and tensile strength that cement does 
not contain. Spray-applied by factory trained 
mechanics, it consists of over 90 percent silica 
and cement in both the base coat and color 
coats. Affords a glass-hard surface and hides 
natural voids and imperfections according to 
the manufacturer. Also it is claimed to resist 
moisture, grease, most solvents, live steam, 
acid and alkali fumes.—Desco Vitro Glaze As- 
sociation of America, Inc., 5220 Whitby Ave., 
Philadelphia 43, Pa. 


alone 


Tubular steel frame shoring 


Safway recently introduced a new heavy 
duty, tubular steel frame shoring line. Each 
Safway heavy duty frame carries up to 20,- 
000 Ib as compared with the 10,000 lb capacity 
of standard Safway scaffold frames. 

To fit every Safway shor- 
319, 5, and 


job condition, 
ing frames come in heights of 
612 ft. Frames are connected horizontally 
with heavy, center-pivoted cross braces. Man- 
ufacturer claims new steel saddles save time 
in mounting ledgers and joists 

Despite the increased capacity, all compo- 
nent parts are made in sizes and weights that 
are easy to handle, assemble, dismantle, 
transport, and store according to company 
spokesman.—H. E. Bechler, The Cramer- 
Krasselt Co., 733 North Van Buren St., Mil- 
waukee 2, Wis. 
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AIR METER 


Direct readings of 
entrained air in con 
crete can be made 
quickly and accu 
rately. 


CT-126 PRICE $194.50* 


SUES 


neowporled 
4711 WEST NORTH AVENUE + CHICAGO 39, ILLINOIS + SPAULDING 2-6400 
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NOTICE — Change of Address — NOTICE 


To avert any delay in receiving my ACI JOURNAL, | wish to give notice of a 
change in my mailing address. (PLEASE PRINT) 


New Address: 


NAME ; 

STREET & NO. 

CITY. —- - os i * 
Old Address: 

STREET & NO. —___ 
































Solve R/C Design... 


. . . problems more quickly with ACI’s 
REINFORCED CONCRETE DESIGN HAND- 
BOOK, Second Edition. Tables cover a 
wide range of working stresses encoun- 
tered in general practice. 











This revised edition of a book that has 
become a basic text in R/C design en- 
compasses the design of flexural mem- 
bers, stirrups, columns, square spread 
footings, and pile footings. 

it reduces the design of members under 
combined bending and axial load to the 
same simple form used in common flex- 
ural problems. All told, 120 pages of text 
and time-saving tables. Order your copy 
today! 


concrete PUBLICATIONS 








Reinforced Concrete 
Design Handbook 
(2nd Edition) 


$3.50 
ACI Members $2.00 





&. 
Casey P.O. Box 4754, Redford Station Detroit 19, Mich. 











1960 ANNUAL MEETING — NEW YORK CITY — March 14-17 


THIS MONTH 


Papers and Reports . 681-782 


56-40 Design of Prestressed Lift Slabs for 
Deflection Control 


EDWARD K. RICE and FELIX KULKA 


Behavior and Strength in Shear of Beams and 
Frames Without Web Reinforcement ...... 


ROGER DIAZ DE COSSIO and CHESTER P. SIESS 


Artificial Carbonation of Concrete Masonry Units 
HENRY TOENNIES 


Distribution of Torsion and Bending Moments in 
Connected Beams and Slabs ...... M. A. GOUDA 


Shrinkage and Creep of Concrete INGE LYSE 


Current Reviews | 783-824 


News Letter . | ea ae 1-32 








